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PROTEIN FOR CONSTRUCTING PROTEIN
COMPLEX FROM CLOSTRIDIUM
THERMOCELLUM, AND USE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority to Japanese Patent Appli-
cation No. 2010-088952 filed on Apr. 7, 2010, the contents of
which are hereby incorporated by reference into the present
application.

TECHNICAL FIELD

The present application relates to a protein for constructing
a protein complex from Clostridium thermocellum, and to a
use thereof.

DESCRIPTION OF RELATED ART

Inrecent years there has been increased interest in biomass
resources derived from plant photosynthesis as a substitute
for limited petroleum supplies, and various attempts have
been made to use biomass for energy and various kinds of
materials. In order for biomass to be used effectively as an
energy source or other raw material, it must be saccharified
into a carbon source that is readily available to animals and
microorganisms.

Using typical forms of biomass such as cellulose and hemi-
cellulose requires good cellulases for saccharifying (decom-
posing) these materials. Attention has focused on cellulo-
somes, which are produced by certain bacteria, as a source of
such cellulases. Cellulosomes are protein complexes formed
on the cell surfaces of bacteria, and comprise cellulases and
scaffolding proteins (scaffoldins) to which the cellulases
bind. Scaffolding proteins have sites called cohesins, and
cellulases are known to bind to these cohesins via their own
dockerins. Cellulosomes are capable of providing a variety of
cellulases in large quantities and at high densities on bacterial
cell surfaces.

Artificial construction of cellulosomes by genetic engi-
neering has been studied in recent years. In the context of
cellulosome construction, various studies have been made of
binding between cohesins and dockerins, which is the basis of
cellulosome construction. For example, several amino acid
residues have been deleted or alanine scanned from dockerins
of Clostridium thermocellum to evaluate binding with cohes-
ins and identify the residues necessary for binding ability
(Non-patent Document 1). According to this document, a
dockerin produced in E. co/i maintains about 70% the amount
of binding with a cohesin when asparagine in the amino acid
sequence is replaced with alanine, but interactions with cal-
cium ions contributing to structural stability are weakened. It
has also been reported that when binding ability is eliminated
by substituting AA (alanine-alanine) for ST (serine-threo-
nine) in one of two repeating amino acid sequences making
up two helixes in a dockerin of C. thermocellum, the other
helix binds with a cohesin (Non-patent document 2). With
respect to cohesins, when several amino acid residues of a
cohesin of C. thermocellum were replaced and binding with
dockerins was evaluated, it was found that binding with dock-
erins from C. thermocellum was eliminated by replacing cer-
tain threonines with leucine, and instead, the cohesin bound
to a dockerin from Clostridium cellulolyticum with which it
did not ordinarily interact (Non-patent Document 3).
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[Non-patent Document 1] A. Karpol et al., Biochem. J 410,
331-338 (2008)

[Non-patent Document 2] A. L. Carvalho et al., PNAS 104(9),
3089-3094 (2007)

[Non-patent Document 3] A. Mechaly et al., J. Biol. Chem.
276 (13), 9883-9888 (2001)

BRIEF SUMMARY OF INVENTION

Causing a yeast or the like to produce and excrete large
quantities of cellulase is considered as desirable when con-
structing an artificial cellulosome. If a cellulosome can be
constructed on the cell surface of a yeast or other eukaryotic
microorganism, the glucose decomposed by the cellulosome
can be used immediately by the yeast as a carbon source for
efficient production of various useful substances. However,
when a foreign protein from a bacteria or other prokaryote is
produced with a yeast or other eukaryote, interaction between
proteins can be affected by giant sugar chain modification.

According to the reports above, it appears that amino acid
substitution of dockerin domains affects cohesin-dockerin
binding, either by reducing binding ability (Non-patent
Documents 1, 2) or altering binding specificity (Non-patent
Document 3). However, there have been no reports on
improving cohesin-dockerin binding ability. Moreover, the
reports above pertain only to cohesins and dockerins pro-
ducedin F. coli, in which sugar chain modification of proteins
does not occur. Thus, at present there are no reports at all on
how amino acid substitution of dockerin domains affects
cohesin-dockerin binding in yeasts and other eukaryotic
microorganisms, in which sugar chain modification does
occur.

It is an object of the disclosures of this Description to
provide a protein having a dockerin, wherein the protein is
useful for producing a protein complex derived from
Clostridium thermocellum in a yeast or other eukaryotic
microorganism in which sugar chain modification is
expected, and provides excellent cohesin-dockerin binding
ability, along with a use thereof.

In a search for dockerins of C. thermocellum using DDBJ
(www.ddbj.nig.ac.jp/index-j.html), the inventors in this case
discovered 72 attributed dockerins on the genome of C. ther-
mocellum, and after using UniProt (www.uniprot.org) and the
like to identify specific sequences thought to be associated
with cohesin-dockerin binding in these dockerins, we ana-
lyzed these specific sequences by multiple alignment and the
like. As a result, the similarity of these 142 specific sequences
exceeded 90%. It is therefore thought that all these specific
sequences have binding ability with cohesins.

The inventors also discovered that of these specific
sequences, 113 or about 80% of the relevant sequences have
predicted sugar chain modification sites, while the remaining
29 sequences lack predicted sugar chain modification sites.
The inventors then targeted two predicted sugar chain binding
sites located near the scaffolding protein binding region of a
dockerin from C. thermocellum, replacing the asparagines at
these sites with alanine or aspartic acid. Sugar chain modifi-
cation was eliminated by replacing asparagine with alanine in
the dockerin, but cohesin binding ability was not improved. It
is possible that the dockerin with asparagine replaced with
alanine could not bind with cohesin because it does not
assume a stable structure when produced in yeast. On the
other hand, when a dockerin having the asparagine of the
target site replaced with aspartic acid was produced in yeast,
however, cohesin-dockerin binding increased, resulting in
improved yeast saccharification ability.
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From this, it was found that cohesin-dockerin binding abil-
ity can be increased and saccharification ability in eukaryotes
in which sugar chain modification may occur can be
improved if either predicted sugar chain modification sites are
inherently lacking, or if when such a site is present, and an
asparagine at the predicted site is replaced with aspartic acid
to eliminate sugar chain modification, thereby improving
cohesin-dockerin binding ability.

The disclosures of this description provide a protein for
constructing a protein complex using a framework including
a type I cohesin from C. thermocellum, wherein the protein
has a dockerin containing at least one dockerin-specific
sequence associated with cohesin binding in type I dockerins
from C. thermocellum, and this dockerin satisfies either of the
following conditions (a) and (b):

(a) having no intrinsic predicted N-type sugar chain modi-
fication site;

(b) having aspartic acid substituted for an asparagine of an
intrinsic predicted N-type sugar chain modification site.

In a dockerin-specific sequence satisfying condition (a)
above, the intrinsic predicted N-type sugar chain modifica-
tion site may be an aspartic acid.

The protein disclosed in this Description may also have
cellulolysis promotion activity, and this cellulolysis promo-
tion activity may be cellulase activity. The cellulolysis pro-
motion activity may also be conferred by an amino acid
sequence from Clostridium thermocellum.

The disclosures of this Description provide a eukaryotic
microorganism having a protein complex using a scaffolding
protein from Clostridium thermocellum in the cell surface,
wherein the eukaryotic microorganism is provided with a
scaffolding protein from Clostridium thermocellum and the
protein disclosed in this description, which binds with this
scatfolding protein.

The disclosures of this Description provide a method for
producing a useful substance, having a step of saccharifying
a cellulose-containing material using a process of fermenting
a cellulose-containing material as a carbon source with the
eukaryotic microorganism disclosed in this Description,
which is a eukaryotic microoganism in which the aforemen-
tioned dockerin protein has cellulolysis promotion activity.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a pAI-AGA1 vector prepared in Example 1.

FIG. 2 shows a pDL-CtCBDCohAGA2 vector having a
Leu2 marker and ADH3 homologous region prepared in
Example 2.

FIG. 3 shows an amino acid sequence having alanine or
aspartic acid substituted for the No. 18 and No. 50 aspar-
agines in the amino acid sequence of a Cel48S dockerin gene,
and the corresponding genetic sequence.

FIG. 4 shows a pXU-Cel48Sdoc vector, pXU-Cel48S-N-
A-doc vector and pXU-Cel48S-N-D-doc vector prepared in
Example 3.

FIG. 5 shows the displayed amount of dockerin in a protein
complex surface-displaying yeast containing an amino acid-
substituted Cel488S dockerin.

FIG. 6 shows an amino acid sequence having aspartic acid
substituted for the No. 18 and No. 54 asparagines in the amino
acid sequence of a Xyn10C dockerin gene, and a correspond-
ing genetic sequence.

FIG. 7 shows a pXU-XynlOCdoc vector and pXU-
Xynl10C-N-D-doc vector prepared in Example 5.

FIG. 8 shows the displayed amount of dockerin in a protein
complex surface-displaying yeast containing an amino acid-
substituted Xyn10C dockerin.
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FIG. 9 shows a pXU-Cel8A-Cel48Sdoc and pXU-Cel8A-
Cel48S-N-Ddoc vector prepared in Example 7.

FIG. 10 shows the displayed amount of cellulase in a pro-
tein complex surface-displaying yeast containing amino acid-
substituted dockerin-type cellulase.

FIG. 11 shows CMC decomposition activity of a protein
complex surface-displaying yeast containing amino acid-
substituted dockerin-type cellulase.

DETAILED DESCRIPTION OF INVENTION

The disclosures of this Description relate to a protein for
constructing a protein complex using a scaffolding protein
having type I cohesin from C. thermocellum, to a eukaryotic
microorganism provided with a protein complex comprising
this protein, and to a method for producing a useful substance
using this eukaryotic microorganism.

The protein disclosed in this description has at least one
dockerin-specific sequence which is a sequence associated
with cohesin binding ability in a type I dockerin from C.
thermocellum, and which either has no intrinsic predicted
N-type sugar chain modification site or has aspartic acid
substituted for asparagine at an intrinsic predicted N-type
sugar chain modification site. Sugar chain modification is
thus eliminated even if the protein disclosed in this Descrip-
tion is produced in a yeast or other eukaryotic microorganism
in which sugar chain modification is expected to occur. As a
result, the protein disclosed in this Description has excellent
binding ability with type I cohesins of scaffolding proteins
from C. thermocellum, and can be used to construct a protein
complex in which this protein is bound densely and/or in large
amounts.

The eukaryotic microorganism disclosed in this descrip-
tion may be provided in the cell surface with a protein com-
plex in which the protein disclosed in this Description is
accumulated densely and/or in large amounts. It is thus pos-
sible to obtain a eukaryotic microorganism in which the func-
tion of the protein of the invention is enhanced. Because the
protein of the invention has excellent cohesin binding ability
even when produced in a eukaryotic microorganism, this
protein and the aforementioned scaffolding protein may both
be produced by the eukaryotic microorganism disclosed in
this Description. This eukaryotic microorganism may be a
yeast.

The method of producing a useful substance disclosed in
this Description comprises a step of fermenting a cellulose-
containing material as a carbon source using the eukaryotic
microorganism disclosed in this Description, in which the
aforementioned protein is a protein having cellulolysis pro-
motion activity. Because the eukaryotic microorganism dis-
closed in this Description has enhanced cellulolysis promo-
tion activity, it can efficiently ferment a cellulose-containing
material as a carbon source.

(Protein for Constructing Protein Complex Using Scat-
folding Protein Having Type 1 Cohesin from C. Thermocel-
lum)

The protein disclosed in this Description is a protein espe-
cially suited to constructing a protein complex using a scaf-
folding protein having atype I cohesin from C. thermocellum.
This protein may have a dockerin comprising at least one
dockerin-specific sequence that is associated with cohesin
binding in a type [ dockerin from C. thermocellulum, and that
fulfills the condition of either (a) having no intrinsic predicted
N-type sugar chain modification site or (b) having aspartic
acid substituted for an asparagine of an intrinsic predicted
N-type sugar chain modification site.



C. thermocellum is known as a cellulosome-producing
microorganism. C. thermocellum also has cellulase activity,
and produces proteins containing type I dockerins. Based on
the results of a search of the C. thermocellum genome in
DDBIJ (www.ddbj.nig.ac.ip/index-j.html), the 72 amino acid 5
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sequences shown by Seq. Nos. 1to 72 in Table 1 below can be dockerins having the same name in Table 1.
TABLE 1

SEQ locus

ID  (SEQ.
NO Name) Amino Acid Sequence

1  Cthe00l5  DVNADGKDSTDLTLLKRYLLRSATLEEKLNADTDGNGTVNSTDLNYLKKYLRVI

2 Cthe0032  DLNNDGNNSTDYMLKKYLKVLERMNVPEKAADLNGDGSINSTDLTLKRFIMKAI

3 Cthe0043  DLNGDGNNSTDFTMLKRAILGNPAPGTNLAAGDLNRDGNTNSTDLMLRRYLLKLI

4 Cthe0044  DNLDGKINSTDLSALKRHILRITTLSGKQLENADVNNDGSVNSTDASILKKYAKAT

5  Cthe0l09  DFNSDSSVNSTDLMILNRAVLGLG

6 Cthe0190  ELNGDGKNSSDLNMMKRYLLRLIDGLNDTACADLNGDGKNSSDYSLKRYLLRMI

7  Cthe0l191  DLNGDAKINSTDLNMMKRYLLOMIDRFGVDDESCADLNGDGKITSSDYNLLKRYILHLI

8  Cthe0211  DVNGDGHVNSSDYSLFKRYLLRVIDRFPVGDQSVADVNRDGRDSTDLTMLKRYLRAI

9  Cthe0239  GDYNGDGAVNSTDLLACKRYLLYALKPEQNVIAGDLDGNGKINSTDYAYLKRYLLKQI

10  Cthe0246  DLNADGKNSTDYNLGKRLILRTISELPISNGSVAFDLNGDSKVDSTDLTALKRYLLGVI

11  Cthe0258  DVNGDSKNADVLLMKKYILKVINDLPSDGVKAADVNADGQINSDFTWLKKYMLKAV

12 Cthe0269  DVNGDGNVNSTDLTMLKRYLLKSVTNINREAADVNRDGAINSSDMTILKRYLIKSI

13 Cthe0270  DLNGDGKVNSSDLAILKRYMLRAISDFPIPEGRKLADLNRDGNVNSTDYSILKRYILKAI
14  Cthe0274  CDVGDLNVDGSINSVDITYMKRYLLRSISVLPYQENERIRIPAADTNGDGAINSSDMVLLKRYVLRSI
15  Cthe0405  DVNGDGNVNSTDVVWLRRFLLKLVEDFPVPSGKQAADMNDDGNINSTDMIALKRKVLKIP
16  Cthe0412  DCNGDGKVNSTDAVALKRYILRSGISINTDNADVNADGRVNSTDLAILKRYLKEI

17  Cthe0413  DCNDDGKVNSTDVAVMKRYLKKENVNINLDNADVNADGKVNSTDFSILKRYYMKNI

18  Cthe0433  DLNGDGRVNSSDLALMKRYVVKQIEKLNVPVKAADLNGDDKVNSTDYSVLKRYLLRSI

19  Cthe0435  DVNADGVVNISDYVLMKRYILRIIADFPADDDMWVGDVNGDNVINDIDCNYLKRYLLHMI
20  Cthe0438  DLNGDNNINSSDYTLLKRYLLHTI

21  Cthe0536  DVNGDGRVNSSDVALLKRYLLGLVENINKEAADVNVSGTVNSTDLAIMKRYVLRSI

22 Cthe0543  DVNFDGRINSTDYSRLKRYVIKSLEFTDPEEHQKFIAAADVDGNGRINSTDLYVLNRYILKLI
23 Cthe0578  DNLDGKINSSDVTLLKRYIVKSIDVFPTADPERSLIASDVNGDGRVNSTDYSYLKRYVLKII
24  Cthe0640  DLNGDNNVNSTDLTLLKRYLTRVINDFPHPDGSVNADVNGDGKINSTDYSAMRIYILRII
25  Cthe0661  DVNGDLKVNSTDFSMLRRYLLKTIDNFPTENGKQAADLNGDGRINSSDLTMLKRYLLMEV
26  Cthe0624  DLNNDSKVNAVDIMMLKRYILGIIDNINLTADIYFDGVVNSSDYNIMKRYLLKAT

27  Cthe0625  DLNGDGVVNSTDSVILKRHIIKFSEITDPVKLKAADLNGDGNINSSDVSLMKRYLLRII

28  Cthe0660  DLNGDGKINSTDISLMKRYLLKQIVDLPVEDDIKAADINKDGKVNSTDMSILKRVILRNY
29  Cthe0729  DSNSDCKVNSTDLTLMKRYLLQQSISYINLINADLNGDGKINSSDYTLLKRYLLGYI

30  Cthe0745  DINNDKTVNSTDVTYLKRFLLKQINSLPNQKAADVNLDGNINSTDLVILKRYVLRGI

31  Cthe0797  DVNGDGKINSTDCTMLKRYILRGIEEFPSPSGIIAADVNADLKINSTDLVLMKKYLLRSI
32 Cthe0798  DVNLDGQVNSTDFSLLKRYILKVVDNSINVTNADMNINDGNNSTDISILKRILLRN

33 Cthe0821  DINRDGKINSTDLGMLNRHILKLVILDDNLKLAAADIDGNGNINSTDYSWLKKYILKVI

34  Cthe0825  DVNDDGKVNSTDLTLLKRYVLKAVSTLPSSKAEKNADVNRDGRVNSSDVTILSRYLIRVI

given as examples of type I dockerin amino acid sequences
from C. thermocellum. The locus (sequence) names shown in
Table 1 are the names of each dockerin. Thus, the amino acid
sequences specified by dockerin names in the locus column of
Tables 2 to 21 derive from the amino acid sequences of
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TABLE 1-continued

SEQ locus
D (SEQ.
NO : Name) Amino Acid Sequence

35 Cthe0912 DVNGDGTINSTDLTMLKRSVLRAITLTDDAKARADVDKNGSINSTDVLLLSRYLLRVI

36 Cthe0918 DLNRNGIVNDEDYILLKNYLLRGNKLVIDLNVADVNKDGKVNSTDCLFLKKYLGLI

37 Cthel271 DTNSDGKINSTDVTALKRHLLRVTQLTGDNLANADVNGDGNVNSTDLLLLKRYILGEI

38 Cthel398 DLNGDNRINSTDLTLMKRYILKSIEDLPVEDDLWAADINGDGKINSTDY TYLKKYLLQATI

39 Cthel400 DLNGDGRVNSTDYTLLKRYLLGAIQTFPYERGIKAADLNLDGRINSTDY TVLKRYLLNATI

40 Cthel472 DLNFDNVAVNSTDLLMLKRYILKSLELGTSEQEEKFKKAADLNRDNKVDSTDLTILKRYLLKATI

41 Cthel806 EVIDTKVIDSTDDIVKYEYQFDKKILCADKETEILYFTVVADEEEIYTSDNTRTLVLSVNNDSTDKTTVSGYISVDF

42 Cthel838 DVNGDGRVNSSDLTLMKRYLLKSISDFPTPEGKIAADLNEDGKVNSTDLLALKKLVLREL

43 Cthel890 DLNADGSINSTDLMIMKRVLLKQRTLDDITPADLNGDGKVTSTDYSLMKRYLLKEI

44 Cthel963 DLNGDGNINSSDLQALKRHLLGISPLTGEALLRADVNRSGKVDSTDYSVLKRYILRII

45 Cthe2038 DIVLDGNINSLDMMKLKKYLIRETQFNYDELLRADVNSDGEVNSTDYAYLKRYILRII

46 Cthe2089 DVNDDGKVNSTDAVALKRYVLRSGISINTDNADLNEDGRVNSTDLGILKRYILKEI

47 Cthe2137 DVDGNGTVNSTDVNYMKRYLLRQIEEFPYEKALMAGDVDGNGNINSTDLSYLKKYILKLI

48 Cthe2139 DVNAGVINSSDIMVLKRFLLRTITLTEEMLLNAD TNGDGAVNSSDFTLLKRYILRSI

49 Cthe2147 DVNGDFAVNSNDLTLIKRYVLKNIDEFPSSHGLKAADVDGDEKITSSDAALVKRYVLRAIL

50 Cthe2179 DLNGDGNVNSTDSILMKRYLMKSVDLNEEQLKAADVNLDGRVNSTDRSILNRYLLKII

51 Cthe2193 DINDDGNINSTDLOMLKRHLLRSIRLTEKQLLNADTNRDGRVDSTDLALLKRYILRVI

52 Cthe2194 DLNGDGNINSTDLQILKKHLLRITLLTGKELSNADVTKDGKVDSTDLTLLKRYILRFV

53 Cthe2195 DLNDDGKVNSTDFQILKKHLLRITLLTGKNLSNADLNKDGKVDSSDLSLMKRYLLQII

54 Cthe2196 DLNNDGKVNS TDFQLLKMHVLRQELPAGTDLSNADVNRDGKVDSSDCTLLKRYILRVI

55 Cthe2197 DLNGDGKVNS TDLQLMKMHVLRQROQLTGTSLLNADVNRDGKVDSTDVALLKRYILRQI

56 Cthe2271 DVNLDGSVDSIDLALLYNTTYYAVPLPNRLQYIAADVNYDSSCTMLDFYMLEDYLLGRIS
SFPAGQTYTVYYGDLNGDQLVTTDQSLLGRINLTFRQYVSADVNGDGTVNGDGTVDGIDLAIITAY INGQI

57 Cthe2360 DLNGDGRVNSTDLLLMKKRIIREIDKFNVPDENADLNLDGKINSSDYTILKRYVLKSI

58 Cthe2549 DVNKDGRINSTDIMYLKGYLLRNSAFNLDEYGLMAADVDGNGSVSSLDLTYLKRYILRRI

59 Cthe2590 DLNQDGQVSSTDLVAMKRYLLKNFELSGVGLEAADLNSDGKVNSTDLVALKRFLLKEI

60 Cthe2760 DLNYDGKVNSTDYLVLKRYLLGTIDKESDPNFLKAADLNRDGRVNSTDMSLMKRYLLGII

61 Cthe2761 DVNGDGKVNSTDCSIVKRYLLKNIEDFPYEYGKEAGDVNGDGKVNSTDY SLLKRFVLRNI

62 CthE2811 DLNGDGKVNSTDLTIMKRYILKNFDKLAVPEEAADLNGDGRINSTDLSILHRYLLRII

63 Cthe2812 DLNGDQKVTSTDYTMLKRYLMKSIDRFNTSEQAADLNRDGKINSTDLTILKR

64 Cthe2872 DINSDGNVNSTDLGILKRIIVKNPPASANMDAADVNADGKVNSTDYTVLKRYLLRSI

65 Cthe2879 DINSDGSINSTDVTLLKRHLLRENILTGTAYSNADTDGDGKITSIDLSYLKRYVLRLI

66 Cthe2949 DLNGDGLVNSSDYSLLKRYILKQIDLTEEKLKAADLNRNGSVDSVDYSILKRFLLKTI

67 Cthe2950 DLNNDGRTNSTDYSLMKRYLLGSISFTNEQLKAADVNLDGKVNSSDYTVLRRFLLGSI

68 Cthe2972 VLGDLNGDKQVNSTDY TALKRHLLNITRLSGTALANADLNGDGKVDSTDLMILHRYLLGII

69 Cthe3012 DLNGDGNVNSTDSTLMSRYLLGI ITTLPAGEKAADLNGDGKVNSTDYNILKRYLLKYI

70 Cthe3132 DLNGDGRVNSTDLAVMKRYLLKQVQISDIRPADLNGDGKANSTDYQLLKRYILKTI
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TABLE 1-continued

SEQ locus
D (SEQ.
NO : Name) Amino Acid Sequence

71 Cthel3136 DDGNGEISSIDYAILKSHLINSNLTFKQLAAADVDGNGYVNSIDLAILOMYLLGKGGTSDI

72 Cthe3141 DVNGNGSIESTDCVWVKRYLLKQIDSFPNENGARAADVNGNGTIDSTDYQLLKRFILKVI

Similar amino acid sequences that are dockerin-specific TABLE 2-continued

sequences associated with cohesin binding can be discovered
in these 72 type I dockerins. A dockerin-specific sequence ng :(L‘;;;S
may consist of a naturally-derived consensus sequence (rel- |5 yo.

e N X Name) - Related Sequence
evant sequence) consisting of 24 amino acids. Thetotal of 142
. . . 102 Cthe0412 1st DCNGDGKVNSTDAVALKRYILRSG
amino acid sequences.shown by SEQ ID NOS. 73 to 214 in Tos 2nd  DVNADGRVNSTDLAILKRYILKEL
Table 2 below can be given as examples of relevant sequences
intrinsic to the 72 type I dockerins. These amino acid 104 Cthe0413 1st DCNDDGKVNSTDVAVMKRYLKKEN
sequences can be obtained from databases such as UniProt 20 1°% Znd  DVNADGRVNSTDFS ILKRYVMKNI
(www.uniprot.org), InterPro (www.ebi.ac.uk/interpro) and 106 Cthe0423 1st DLNGDGRVNSSDLALMKRYVVKOT
Pfam (pfam.sanger.ac.uk). N-terminal relevant sequences are 107 2nd DLNGDDKVNSTDYSVLKRYLLRSI
described in the 1% column of Table 2, while C-terminal
relevant sequences are described in the 2" column. 108 Cthe0435 1st  DVNADGVVNISDYVLMKRYILRII
,5 109 2nd DVNGDNVINDIDCNYLKRYLLHMI
TABLE 2 110 Cthe0438 lst DLNGDNNINSSDYTLLKRYLLHTI
2nd
SEQ locus
ID  (SEQ 111 Cthe0536 1st DVNGDGRVNSSDVALLKRYLLGLV
NO: Name) - Related Sequence 112 2nd DVNVSGTVNSTDLAIMKRYVLRSI
30
73 Cthe0015 1st DVNADGKIDSTDLTLLKRYLLRSA 113 Cthe0543 1st DVNFDGRINSTDYSRLKRYVIKSL
74 2nd DTDGNGTVNSTDLNYLKKYILRVI 114 2nd DVDGNGRINSTDLYVLNRYILKLI
75 Cthe0032 1st DLNNDGNINSTDYMILKKYILKVL 115 Cthe0578 1st DINLDGKINSSDVTLLKRYIVKSI
76 2nd DLNGDGSINSTDLTILKRFIMKAT 116 2nd DVNGDGRVNSTDYSYLKRYVLKII
35
77 Cthe0043 1st DLNGDGNINSTDFTMLKRAILGNP 117 Cthe0640 1st DLNGDNNVNSTDLTLLKRYLTRVI
78 2nd DLNRDGNTNSTDLMILRRYLLKLI 118 2nd DVNGDGKINSTDYSAMRYILRII
79 Cthe0044 1st DINLDGKINSTDLSALKRHILRIT 119 Cthe0661 1st DVNGDLKVNSTDFSMLRRYLLKTI
80 2nd DVNNDGSVNSTDASILKKYIAKAT 120 2nd DLNGDGRINSSDLTMLKRYLLMEV
81 Cthe0109 1st DFNSDSSVNSTDLMILNRAVLGLG 40 151 ctheos2a 1st DLNNDSKVNAVDIMMLKRYILGII
2nd 122 2nd DIYFDGVVNSSDYNIMKRYLLKAT
82 Cthe0190 1st ELNGDGKINSSDLNMMKRYLLRLI 123 Cthe0625 1st DLNGDGVVNSTDSVILKRHIIKFS
83 2nd DLNGDGKINSSDYSILKRYLLRMI 124 2nd DLNGDGNINSSDVSLMKRYLLRII
84 Cthe0191 1st DLNGDAKINSTDLNMMKRYLLQMI 45 125 Cthe0660 1st DLNGDGKINSTDISLMKRYLLKQI
85 2nd DLNGDGKISSDYNLLKRYILHLI 126 2nd DINKDGKVNSTDMSILKRVILRNY
86 Cthe0211 1st DVNGDGHVNSSDYSLFKRYLLRVI 127 Cthe0729 1st DSNSDCKVNSTDLTLMKRYLLQQS
87 2nd DVNRDGRIDSTDLTMLKRYLIRAI 128 2nd DLNGDGKINSSDYTLLKRYLLGYI
88 Cthe0239 1st DYNGDGAVNSTDLLACKRYLLYAL 50 129 Cthe0745 1st DINNDKTVNSTDVTYLKRFLLKQI
89 2nd  DLDGNGKINSTDYAYLKRYLLKQI 130 2nd DVNLDGNINSTDLVILKRYVLRGI
90 Cthe0246 1st DLNADGKINSTDYNLGKRLILRTI 131 Cthe0797 1st DVNGDGKINSTDCTMLKRYILRGI
91 2nd DLNGDSKVDSTDLTALKRYLLGVI 132 2nd DVNADLKINSTDLVLMKKYLLRSI
92 Cthe0258 1lst DVNGDSKINAIDVLLMKKYILKVI 55 133 Cthe0798 1st DVNLDGQVNSTDFSLLKRYLKVV
93 2nd DVNADGQINSIDFTWLKKYMLKAV 134 2nd DMNNDGNINSTDISILKRILLRN
94 Cthe0269 1st  DVNGDGNVNSTDLTMLKRYLLKSV 135 Cthe0821 1st DINRDGKINSTDLGMLNRHILKLV
95 2nd  DVNRDGAINSSDMTILKRYLIKST 136 2nd  DIDGNGNINSTDYSWLKKYILKVI
96 Cthe0270 1st DLNGDKVNSSDLAILKRYMLRAT 60 137 Ctheoszs .
97 2nd DLNRDGNVNSTDYSILKRYILKAT the st DVNDDGKVNSTDLTLLKRYVLKAV
138 2nd DVNRDGRVNSSDVTILSRYLIRVI
98 Cthe0274 1st DLNVDGSINSVDITYMKRYLLRSI
09 2nd  DTNGDCGAINSSDMVLLKRYVLRST 139 Cthe0912 1st DVNGDGTINSTDLTMLKRSVLRAI
140 2nd DVDKNGSINSTDVLLLSRYLLRVI
100 Cthe0405 1st DVNGDGNVNSTDVVWLRRFLLKLV
101 2nd DMNDDGNINSTDMIALKRKVLKIP 65 141 Cthe09ls 1st DLNRNGIVNDEDYILLKNYLLRGN

142 2nd DVNKDGKVNSTDCLFLKKYILGLI
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TABLE 2-continued TABLE 2-continued
SEQ locus SEQ locus
ID  (SEQ ID  (SEQ
NO: Name) - Related Sequence NO: Name) - Related Sequence
5
193 Cthe2811 lst DLNGDGKVNSTDLTIMKRYILKNF
143 Cthel271 lst DTNSDGKINSTDVTALKRHLLRVT 194 2nd DLNGDGRINSTDLSILHRYLLRII
144 2nd DVNGDGNVNSTDLLLLKRYILGEI
195 Cthe2812 lst DLNGDQKVTSTDYTMLKRYLMKSI
145 Cthel398 lst DLNGDNRINSTDLTLMKRYILKSI 196 2nd DLNRDGKINSTDLTILKRYLLYSI
146 2nd DINGDGKINSTDYTYLKKYLLQATI 10
197 Cthe2872 lst DINSDGNVNSTDLGILKRIIVKNP
147 Cthel400 lst DLNGDGRVNSTDYTLLKRYLLGAI 198 2nd DVNADGKVNSTDYTVLKRYLLRSI
148 2nd DLNLDGRINSTDYTVLKRYLLNATI
199 Cthe2879 lst DINSDGSINSTDVTLLKRHLLREN
149 Cthel4d72 lst DLNFDNAVNSTDLLMLKRYILKSL 200 2nd DTDGDGKITSIDLSVLKRVVLRLI
150 2nd DLNRDNKVDSTDLTILKRYLLKAI 15
201 Cthe2949 lst DLNGDGLVNSSDYSLLKRYILKQI
151 Cthel806 lst EVIDTKVIDSTDDIVKYEYQFDKK 202 2nd DLNRNGSVDSVDYSILKRFLLKTI
152 2nd TLVLSVNNDSTDKTTVSGYISVDF
203 Cthe2950 lst DLNNDGRTNSTDYSLMKRYLLGSI
153 Cthel83s lst DVNGDGRVNSSDLTLMKRYLLKSI 204 2nd DVNLDGKVNSSDYTVLRRFLLGSI
154 2nd DLNEDGKVNSTDLLALKKLVLREL
20 205 cthe2972 lst DLNGDKQVNSTDYTALKRHLLNIT
155 Cthel890 lst DLNADGSINSTDLMIMKRVLLKQR 206 2nd DLNGDGKVDSTDLMILHRYLLGII
156 2nd DLNGDGKVTSTDYSLMKRYLLKEI
207 Cthe3012 lst DLNGDGNVNSTDSTLMSRYLLGII
157 Cthel963 lst DLNGDGNINSSDLOALKRHLLGIS 208 2nd DLNGDGKVNSTDYNILKRYLLKVI
158 2nd DVNRSGKVDSTDYSVLKRYILRII
25 209 Cthe3132 lst DLNGDGRVNSTDLAVMKRYLLKQV
159 Cthe2038 lst DIVLDGNINSLDMMKLKKYLIRET 210 2nd DLNGDGKANSTDYQLLKRYILKTI
160 2nd DVNSDGEVNSTDYAYLKRYILRII
211 Cthe3136 lst DIDGNGEISSIDYAILKSHLINSN
161 Cthe2089 lst DVNDDGKVNSTDAVALKRYVLRSG 212 2nd DVDGNGYVNSIDLAILOMYLLGKG
162 2nd DLNEDGRVNSTDLGILKRYILKEI
30 213 Cthe3141 lst DVNGNGSIESTDCVWVKRYLLKQI
163 Cthe2137 lst DVDGNGTVNSTDVNYMKRYLLRQI 214 2nd DVNGNGTIDSTDYQLLKRFILKVI
164 2nd DVDGNGNINSTDLSYLKKYILKLI
165 Cthe2139 lst DVNADGVINSSDIMVLKRFLLRTI While a homology search of the doekerins shown in Table
166 2nd  DINGDGAVNSSDFTLLKRVILRSI 1 revealed that the “homology” among these amino acid
35 o - N0 s
167 Cthe2147 1st DVNGDFAVNSNDLTLIKRYVLENT sequences does not exceed 90%, there is 90% or more “simi-
168 2nd DVDGDEKITSSDAALVKRYVLRAI larity” among the relevant sequences shown in Table 2. This
suggests that the dockerins shown in Table 1 all have similar
169 Cthe2179 lst DLNGDGNVNSTDSILMKRYLMKSV functi Itis thereft dthat the rel
170 2nd DVNLDGRVNSTDRSTLNRYLLKIT nctlops. t 1s therefore presume that there evapt sequences
20 shown in Table 2 are responsible for these functions.
171 Cthe2193 lst DINDDGNINSTDLOMLKRHLLRSI In the dockerins shown in Table 1 or in other words in the
172 2nd DTNRDGRVDSTDLALLKRYILRVI . .
relevant sequences shown in Table 2, the predicted N-type
173 Cthe2194 1st DLNGDGNINSTDLQILKKHLLRIT sugar chain modification sites are known to be N positions in
174 2nd  DVTKDGKVDSTDLTLLKRYILRFV N-X-TorN-X-S (inwhich N is asparagine, X is an amino acid
175 Cthe2195 1st DLNDDGKVNSTDFOILKKHLLRIT 45 other than proline, T is threonine and S is serine), Whlch are
176 2nd DLNKDGKVDSSDLSLMKRYLLOIT consensus sequences that undergo N-type sugar chain modi-
fication in yeasts and other eukaryotic microorganisms (A.
177 Cthe2196 lst DLNNDGKVNSTDFQLLKMHVLRQE : .
176 >nd  DVNRDGRVDSSDOTLLKRYILEVT Herscovics et al., The FASEB J.ournal (6): 540-550 (1993)).
An N-X-T/S of a dockerin or its relevant sequence can be
179 Cthe2197 1st DLNGDGKVNSTDLQLMKMHVLROR s0 found by suitable application of one of the databases
180 2nd  DVNRDGKVDSTDVALLKRYILRQI described above or the like. A site corresponding to a pre-
181 Cthe2271 1st  DVNLDGSVDSTDLALLYNTTYYAV dicted N-type sugar chain modification site ina dockerin or its
182 2nd DVNGDGTVDGIDLAIITAYINGQI relevant sequence may also correspond to N even when the
amino acid sequence does not include one of the aforemen-
183 Cthe2360 1st  DLNGDGRVNSTDLLLMKKRIIREI 55 tioned consensus sequences. A site corresponding to a pre-
184 2nd DLNLDGKINSSDYTILKRVVLKSI . . . L :
dicted N-type sugar chain modification site may be discov-
185 Cthe2549 1st DVNKDGRINSTDIMYLKGVLLRNS ered by comparing an amino acid sequence that may contain
186 2nd DVDGNGSVSSLDLTYLKRYILRRI this site by multiple alignment with the amino acid sequence
of a known dockerin or its relevant sequence. If the amino
187 Cthe2590 lst DLNQDGQVSSTDLVAMKRYLLKNF d £ arel . £ about 24
les 2nd  DLNSDGKVNSTDLVALKRFLLKET 60 acid sequence of a relevant sequence consists of about 24 or
fewer amino acids, the predicted N-type sugar chain modifi-
189 Cthe2760 1st DLNYDGKVNSTDYLVLKRYLLGTI cation site in a dockerin, or a site corresponding to such a site,
190 2nd  DLNRDGRVNSTDMSLMKRYLLGII is typically the 9 amino acid from the N terminal.
101 Cthe2761 15t  DVNGDGKVNSTDCSIVKRYLLKNT The.p.rotem of the invention preferably has a do.ckerm
192 2nd DVNGDGKVNSTDYSLLKRFVLRNI 65 comprising at least one dockerin-specific sequence having no

predicted N-type sugar chain modification site. It also pref-
erably has at least one dockerin-specific sequence in which
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the amino acid of a site corresponding to a predicted N-type
sugar chain modification site is aspartic acid (D). Itis thought
that N-type sugar chain modification by yeasts and other
eukaryotic microorganisms is eliminated when there is no
N-type sugar chain modification site or when a site corre-
sponding to a predicted sugar chain modification site is occu-
pied by aspartic acid. A dockerin-specific sequence in which
a site corresponding to a predicted sugar chain modification
site is occupied by aspartic acid may be intrinsic to the origi-
nal dockerin, or may have a N-type sugar chain modification
site at which aspartic acid (D) has been substituted for aspar-
agine (N).

Examples of one embodiment of this dockerin-specific
sequence include dockerin-specific sequences having aspar-
tic acid substituted for asparagine in the dockerins disclosed
in Table 1 and the relevant sequences in these dockerins
disclosed in Table 2 when these have intrinsic predicted
N-type sugar chain modification sites. It is sufficient that the
protein of the invention have a dockerin containing at least
one such dockerin-specific sequence. Examples of relevant
sequences having candidate N—D substitution sites include
the following 113 relevant sequences. Consequently, pre-
ferred dockerin-specific sequences are sequences in which D
is substituted for N (N-X-T/S) in the relevant sequences
below.

TABLE 3

locus Amino Acid Sequence

Cthe0015 2nd DTDGNGTVNSTDLNYLKKYILRVI
(SEQ ID NO: 74)

Cthe0032 1st DLNNDGNINSTDYMILKKYILKVL
(SEQ ID NO: 75)

Cthe0032 2nd DLNGDGSINSTDLTILKRFIMKAI
(SEQ ID NO: 76)

Cthe0043 1st DLNGDGNINSTDFTMLKRAILGNP
(SEQ ID NO: 77)

Cthe0043 2nd DLNRDGNTNSTDLMILRRYLLKLI
(SEQ ID NO: 78)

Cthe0044 1st DINLDGKINSTDLSALKRHILRIT
(SEQ ID NO: 79)

Cthe0044 2nd DVNNDGSVNSTDASILKKYIAKAT
(SEQ ID NO: 80)

Cthe0109 1st DFNSDSSVNSTDLMILNRAVLGLG
(SEQ ID NO: 81)

Cthe0190 1st ELNGDGKINSSDLNMMKRYLLRLI
(SEQ ID NO: 82)

Cthe0190 2nd DLNGDGKINSSDYSILKRYLLRMI
(SEQ ID NO: 83)

Cthe0191 1st DLNGDAKINSTDLNMMKRYLLQMI
(SEQ ID NO: 84)

Cthe0211 1st DVNGDGHVNSSDYSLFKRYLLRVI
(SEQ ID NO: 86)

Cthe0239 1st DYNGDGAVNSTDLLACKRYLLYAL
(SEQ ID NO: 88)

Cthe0239 2nd DLDGNGKINSTDYAYLKRYLLKQI
(SEQ ID NO: 89)

Cthe0246 1st DLNADGKINSTDYNLGKRLILRTI

(SEQ ID NO: 90)

10

15

20

25

30

35

40

45

50

55

60

65

TABLE 3-continued
locus Amino Acid Sequence
Cthe0269 1st DVNGDGNVNSTDLTMLKRYLLKSV
(SEQ ID NO: 94)
Cthe0269 2nd DVNRDGAINSSDMTILKRYLIKSI
(SEQ ID NO: 95)
Cthe0270 1st DLNGDGKVNSSDLAILKRYMLRAI
(SEQ ID NO: 96)
Cthe0270 2nd DLNRDGNVNSTDYSILKRYILKAI
(SEQ ID NO: 97)
Cthe0274 2nd DTNGDGAINSSDMVLLKRYVLRSI
(SEQ ID NO: 99)
Cthe0405 1st DVNGDGNVNSTDVVWLRRFLLKLV
(SEQ ID NO: 100)
Cthe0405 2nd DMNDDGNINSTDMIALKRKVLKIP
(SEQ ID NO: 101)
Cthe0412 1st DCNGDGKVNSTDAVALKRYILRSG
(SEQ ID NO: 102)
Cthe0412 2nd DVNADGRVNSTDLAILKRYILKEI
(SEQ ID NO: 103)
Cthe0413 1st DCNDDGKVNSTDVAVMKRYLKKEN
(SEQ ID NO: 104)
Cthe0413 2nd DVNADGKVNSTDFSILKRYVMKNI
(SEQ ID NO: 105)
Cthe0433 1st DLNGDGRVNSSDLALMKRYVVKQI
(SEQ ID NO: 106)
Cthe0433 2nd DLNGDDKVNSTDYSVLKRYLLRSI
(SEQ ID NO: 107)
Cthe0435 1st DVNADGVVNISDYVLMKRYILRII
(SEQ ID NO: 108)
Cthe0438 1st DLNGDNNINSSDYTLLKRYLLHTI
(SEQ ID NO: 110)
Cthe0536 1st DVNGDGRVNSSDVALLKRYLLGLV
(SEQ ID NO: 111)
Cthe0536 2nd DVNVSGTVNSTDLAIMKRYVLRSI
(SEQ ID NO: 112)
Cthe0543 1st DVNFDGRINSTDYSRLKRYVIKSL
(SEQ ID NO: 113)
Cthe0543 2nd DVDGNGRINSTDLYVLNRYILKLI
(SEQ ID NO: 114)
Cthe0578 1st DINLDGKINSSDVTLLKRYIVKSI
(SEQ ID NO: 115)
Cthe0578 2nd DVNGDGRVNSTDYSYLKRYVLKII
(SEQ ID NO: 116)
Cthe0624 1st DLNNDSKVNAVDIMMLKRYILGII
(SEQ ID NO: 121)
Cthe0624 2nd DIYFDGVVNSSDYNIMKRYLLKATI
(SEQ ID NO: 122)
Cthe0625 1st DLNGDGVVNSTDSVILKRHIIKFES
(SEQ ID NO: 123)
Cthe0625 2nd DLNGDGNINSSDVSLMKRYLLRII
(SEQ ID NO: 124)
Cthe0640 1st DLNGDNNVNSTDLTLLKRYLTRVI

(SEQ ID NO: 117)
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TABLE 3-continued TABLE 3-continued
locus Amino Acid Sequence locus Amino Acid Sequence
Cthe0640 2nd DVNGDGKINSTDYSAMIRYILRII Cthel472 1st DLNFDNAVNSTDLLMLKRYILKSL
(SEQ ID NO: 118) 5 (SEQ ID NO: 149)
Cthe0660 1st DLNGDGKINSTDISLMKRYLLKQI Cthel806 2nd TLVLSVNNDSTDKTTVSGYISVDF
(SEQ ID NO: 125) (SEQ ID NO: 152)
Cthe0660 2nd DINKDGKVNSTDMSILKRVILRNY Cthel838 1st DVNGDGRVNSSDLTLMKRYLLKSI
(SEQ ID NO: 126) 10 (SEQ ID NO: 153)
Ctheo661 1st DVNGDLKVNSTDF SMLRRYLLKTI Cthel838 2nd DLNEDGKVNSTDLLALKKLVLREL
(SEQ ID NO: 119) (SEQ ID NO: 154)
Ctheo661 2nd DLNGDGRINSSDLTMLKRYLLMEV Cthel890 1st DLNADGS INSTDLMIMKRVLLKQR
(SEQ ID NO: 120) 5 (SEQ ID NO: 155)
Cthe0729 1st DSNSDCKVNSTDLTLMKRYLLQQS Cthel963 1st DLNGDGNINSSDLQALKRHLLGIS
(SEQ ID NO: 127) (SEQ ID NO: 157)
Cthe0729 2nd DLNGDGKINSSDYTLLKRYLLGYI Cthel963 2nd DVNRSGKVDSTDYSVLKRYILRII
(SEQ ID NO: 128) 20 (SEQ ID NO: 158)
Cthe0745 1st DINNDKTVNSTDVTYLKRFLLKQI Cthe2038 2nd DVNSDGEVNSTDYAYLKRYILRII
(SEQ ID NO: 129) (SEQ ID NO: 160)
Cthe0745 2nd DVNLDGNINSTDLVILKRYVLRGI Cthe2089 1st DVNDDGKVNSTDAVALKRYVLRSG
(SEQ ID NO: 130) (SEQ ID NO: 161)
25
Cthe0797 1st DVNGDGKINSTDCTMLKRYILRGI Cthe2089 2nd DLNEDGRVNSTDLGILKRYILKEI
(SEQ ID NO: 131) (SEQ ID NO: 162)
Cthe0797 2nd DVNADLKINSTDLVLMKKYLLRSI Cthe2137 1st DVDGNGTVNSTDVNYMKRYLLRQI
(SEQ ID NO: 132) (SEQ ID NO: 163)
30
Cthe0798 1st DVNLDGQVNSTDFSLLKRYILKVV Cthe2137 2nd DVDGNGNINSTDLSYLKKYILKLI
(SEQ ID NO: 133) (SEQ ID NO: 164)
Cthe0798 2nd DMNNDGNINSTDISILKRILLRN Cthe2139 1st DVNADGVINSSDIMVLKRFLLRTI
(SEQ ID NO: 134) (SEQ ID NO: 165)
35
Cthe0821 1st DINRDGKINSTDLGMLNRHI LKLV Cthe2139 2nd DTNGDGAVNSSDFTLLKRYILRSI
(SEQ ID NO: 135) (SEQ ID NO: 166)
Cthe0821 2nd DIDGNGNINSTDYSWLKKYILKVI Cthe2179 1st DLNGDGNVNSTDSILMKRYLMKSV
(SEQ ID NO: 136) (SEQ ID NO: 169)
Cthe0825 1st DVNDDGKVNSTDLTLLKRYVLKAV 40 Cthe2179 2nd DVNLDGRVNSTDRSILNRYLLKII
(SEQ ID NO: 137) (SEQ ID NO: 170)
Cthe0825 2nd DVNRDGRVNSSDVTILSRYLIRVI Cthe2193 1st DINDDGNINSTDLQOMLKRHLLRSI
(SEQ ID NO: 138) (SEQ ID NO: 171)
Cthe0912 1st DVNGDGT INSTDL TMLKRSVLRAT 45 Cthe2194 1st DLNGDGNINSTDLQILKKHLLRIT
(SEQ ID NO: 139) (SEQ ID NO: 173)
Cthe0912 2nd DVDKNGSINSTDVLLLSRYLLRVI Cthe2195 1st DLNDDGKVNSTDFQILKKHLLRIT
(SEQ ID NO: 140) (SEQ ID NO: 175)
Cthe0918 2nd DVNKDGKVNSTDCLFLKKYILGLI 50 Cthe2196 1st DLNNDGKVNSTDFQLLKMHVLRQE
(SEQ ID NO: 142) (SEQ ID NO: 177)
Cthel271 1st DTNSDGKINSTDVTALKRHLLRVT Cthe2197 1st DLNGDGKVNSTDLQLMKMHVLRQR
(SEQ ID NO: 143) (SEQ ID NO: 179)
Cthel271 2nd DVNGDGNVNSTDLLLLKRYILGEI 55 Cthe2360 1st DLNGDGRVNSTDLLLMKKRI IREI
(SEQ ID NO: 144) (SEQ ID NO: 183)
Cthel398 1st DLNGDNRINSTDLTLMKRYILKSI Cthe2360 2nd DLNLDGKINSSDYTILKRYVLKSI
(SEQ ID NO: 145) (SEQ ID NO: 184)
Cthel398 2nd DINGDGKINSTDYTYLKKYLLQAI Cthe2549 1st DVNKDGRINSTDIMYLKGYLLRNS
(SEQ ID NO: 146) 60 (SEQ ID NO: 185)
Cthel400 1st DLNGDGRVNSTDYTLLKRYLLGAT Cthe2590 2nd DLNSDGKVNSTDLVALKRFLLKEI
(SEQ ID NO: 147) (SEQ ID NO: 188)
Cthel400 2nd DLNLDGRINSTDYTVLKRYLLNAT Cthe2760 1st DLNYDGKVNSTDYLVLKRYLLGTI
(SEQ ID NO: 148) 65 (SEQ ID NO: 189)



US 9,243,042 B2

TABLE 3-continued TABLE 3-continued
locus Amino Acid Sequence locus Amino Acid Sequence
Cthe2760  2nd  DLNRDGRVNSTDMSLMKRYLLGII Cthe2950  2nd  DVNLDGKVNSSDYTVLRRFLLGSI
(SEQ ID NO: 190) 5 (SEQ ID NO: 204)
Cthe2761  1lst  DVNGDGKVNSTDCSIVKRYLLKNI Cthe2972 1st  DLNGDKQVNSTDYTALKRHLLNIT
(SEQ ID NO: 191) (SEQ ID NO: 205)
Cthe2761  2nd  DVNGDGKVNSTDYSLLKRFVLRNI Cthe3012 1st  DLNGDGNVNSTDSTLMSRYLLGII
(SEQ ID NO: 192) 10 (SEQ ID NO: 207)
Cthe2811  1lst  DLNGDGKVNSTDLTIMKRYILKNF Cthe3012  2nd  DLNGDGKVNSTDYNILKRYLLKYI
(SEQ ID NO: 193) (SEQ ID NO: 208)
Cthe2811  2nd  DLNGDGRINSTDLSILHRYLLRII Cthe3132 1st  DLNGDGRVNSTDLAVMKRYLLKQV
(SEQ ID NO: 194) 15 (SEQ ID NO: 209)
Cthe2812  2nd  DLNRDGKINSTDLTILKRYLLYSI Cthe3132  2nd  DLNGDGKANSTDYQLLKRYILKTI
(SEQ ID NO: 196) (SEQ ID NO: 210)
Cthe2872  1lst  DINSDGNVNSTDLGILKRIIVKNP Cthe3141  1lst  DVNGDNSIESTDCVWVKRYLLKQI
(SEQ ID NO: 197) 20 (SEQ ID NO: 213)
Cthe2872  2nd  DVNADGKVNSTDYTVLKRYLLRSI Cthe3141  2nd  DVNGNGTIDSTDYQLLKRFILKVI
(SEQ ID NO: 198) (SEQ ID NO: 214)
Cthe2879  1lst  DINSDGSINSTDVTLLKRHLLREN
(SEQ ID NO: 199) The protein of the invention may be provided with a dock-
25 erin comprising one or two such dockerin-specific sequences,
Cthe2949  1lst  DLNGDGLVNSSDYSLLKRYILKQI . s . .
(SEQ 1D NO: 201) 2 but typically, aspartic acid is substituted for asparagine at a
predicted sugar chain modification site in the relevant
Cthe2949  2nd  DLNRNGSVDSVDYSILKRFLLKTI sequence. The dockerins shown in the table below are
(SEQ ID NO: 202) examples of such dockerins. In these tables, the dockerins are
30 . .
Cthe2950 lst  DLNNDGRTNSTDYSIMKRYLLGSI specified by means of their relevant sequences. Thus, a pre

(SEQ ID NO: 203) ferred dockerin can have a dockerin-specific sequence in
which D is substituted for N in (N-X-T/S) in one or two
relevant sequences of any of the dockerins in the table below.

TABLE 4

locus Amino Acid Sequence

Cthe0032 1st DLNNDGNINSTDYMILKKYILKVL 2nd DLNGDGSINSTDLTILKRFIMKAI
(SEQ ID NO: 75) (SEQ ID NO: 76)

Cthe0043 1st DLNGDGNINSTDFTMLKRAILGNP 2nd DLNRDGNTNSTDLMILRRYLLKLI
(SEQ ID NO: 77) (SEQ ID NO: 78)

Cthe0044 1st DINLDGKINSTDLSALKRHILRIT 2nd DVNNDGSVNSTDASILKKYIAKAI
(SEQ ID NO: 79) (SEQ ID NO: 80)

Cthe0190 1st ELNGDGKINSSDLNMMKRYLLRLI 2nd DLNGDGKINSSDYSILKRYLLRMI
(SEQ ID NO: 81) (SEQ ID NO: 82)

Cthe0239 1st DYNGDGAVNSTDLLACKRYLLYAL 2nd DLDGNGKINSTDYAYLKRYLLKQI
(SEQ ID NO: 88) (SEQ ID NO: 89)

Cthe0269 1st DVNGDGNVNSTDLTMLKRYLLKSV 2nd DVNRDGAINSSDMTILKRYLIKSI
(SEQ ID NO: 94) (SEQ ID NO: 95)

Cthe0270 1st DLNGDGKVNSSDLAILKRYMLRATI 2nd DLNRDGNVNSTDYSILKRYILKAI
(SEQ ID NO: 96) (SEQ ID NO: 97)

Cthe0405 1st DVNGDGNVNSTDVVWLRRFLLKLV 2nd DMNDDGNINSTDMIALKRKVLKIP
(SEQ ID NO: 100) (SEQ ID NO: 101)

Cthe0412 1st DCNGDGKVNSTDAVALKRYILRSG 2nd DVNADGRVNSTDLAILKRYILKEI
(SEQ ID NO: 102) (SEQ ID NO: 103)

Cthe0413 1st DCNDDGKVNSTDVAVMKRYLKKEN 2nd DVNADGKVNSTDFSILKRYVMKNI
(SEQ ID NO: 104) (SEQ ID NO: 105)

Cthe0433 1st DLNGDGRVNSSDLALMKRYVVKQI 2nd DLNGDDKVNSTDYSVLKRYLLRSI
(SEQ ID NO: 106) (SEQ ID NO: 107)

Cthe0536 1st DVNGDGRVNSSDVALLKRYLLGLV 2nd DVNVSGTVNSTDLAIMKRYVLRSI
(SEQ ID NO: 111) (SEQ ID NO: 112)
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TABLE 4-continued

20

locus

Amino Acid Sequence

Cthe0543 1st DVNFDGRINSTDYSRLKRYVIKSL 2nd DVDGNGRINSTDLYVLNRYILKLI
(SEQ ID NO: 113) (SEQ ID NO: 114)
Cthe0578 1st DINLDGKNSSDVTLLKRYIVNKSI 2nd DVNGDGRVNSTDYSYLKRYVLKII
(SEQ ID NO: 115) (SEQ ID NO: 11le)
Cthe0624 1st DLNNDSKVNAVDImMMLKRYILGII 2nd DIYFDGVVNSSDYNIMKRYLLKAI
(SEQ ID NO: 121) (SEQ ID NO: 122)
Cthe0625 1st DLNGDGVVNSTDSVILKRHIIKFS 2nd DLNGDGNINSSDVSLMKRYLLRII
(SEQ ID NO: 123) (SEQ ID NO: 124)
Cthe0640 1st DLNGDNNVNSTDLTLLKRYLTRVI 2nd DVNGDGKINSTDYSAMIRYILRII
(SEQ ID NO: 117) (SEQ ID NO: 118)
Cthe0660 1st DLNGDGKINSTDISLMKRYLLKQI 2nd DINKDGKVNSTDMSILKRVILRNY
(SEQ ID NO: 125) (SEQ ID NO: 126)
Cthe0661 1st DVNGDLKVNSTDFSMLRRYLLKTI 2nd DLNGDGRINSSDLTMLKRYLLMEV
(SEQ ID NO: 119) (SEQ ID NO: 120)
Cthe0729 1st DSNSDCKVNSTDLTLMKRYLLQQS 2nd DLNGDGKINSSDYTLLKRYLLGYI
(SEQ ID NO: 127) (SEQ ID NO: 128)
Cthe0745 1st DINNDKTVNSTDVTYLKRFLLKQI 2nd DVNLDGNINSTDLVILKRYVLRGI
(SEQ ID NO: 129) (SEQ ID NO: 130)
Cthe0797 1st DVNGDGKINSTDCTMLKRYILRGI 2nd DVNADLKINSTDLVLMKKYLLRSI
(SEQ ID NO: 131) (SEQ ID NO: 132)
Cthe0798 1st DVNLDGQVNSTDFSLLKRYILKVV 2nd DMNNDGNINSTDISILKRILLRN
(SEQ ID NO: 133) (SEQ ID NO: 134)
Cthe0821 1st DINRDGKINSTDLGMLNRHILKLV 2nd DIDGNGNINSTDYSWLKKYLKVI
(SEQ ID NO: 135) (SEQ ID NO: 136)
Cthe0825 1st DVNDDGKVNSTDLTLLKRYVLKAV 2nd DVNRDGRVNSSDVTLSRYLIRVI
(SEQ ID NO: 137) (SEQ ID NO: 138)
Cthe0912 1st DVNGDGTINSTDLTMLKRSVLRATI 2nd DVDKNGSINSTDVLLLSRYLLRVI
(SEQ ID NO: 139) (SEQ ID NO: 140)
Cthel271 1st DTNSDGKINSTDVTALKRHLLRVT 2nd DVNGDGNVNSTDLLLLKRYILGEI
(SEQ ID NO: 143) (SEQ ID NO: 144)
Cthel398 1st DLNGDNRINSTDLTLMKRYILKSI 2nd DINGDGKINSTDYTYLKKYLLQAI
(SEQ ID NO: 145) (SEQ ID NO: 146)
Cthel400 1st DLNGDGRVNSTDYTLLKRYLLGATI 2nd DLNLDGRINSTDYTVLKRYLLNAI
(SEQ ID NO: 147) (SEQ ID NO: 148)
Cthel838 1st DVNGDGRVNSSDLTLMKRYLLKSI 2nd DLNEDGKVNSTDLLALKKLVLREL
(SEQ ID NO: 153) (SEQ ID NO: 154)
Cthe2089 1st DVNDDGKVNSTDAVALKRYVLRSG 2nd DLNEDGRVNSTDLGILKRYILKEI
(SEQ ID NO: 161) (SEQ ID NO: 162)
Cthe2137 1st DVDGNGTVNSTDVNYMKRYLLRQT 2nd DVDGNGNINSTDLSYLKKYILKLI
(SEQ ID NO: 163) (SEQ ID NO: 164)
Cthe2139 1st DVNADGVINSSDIMVLKRFLLRTI 2nd DTNGDGAVNSSDFTLLKRYILRSI
(SEQ ID NO: 165) (SEQ ID NO: 166)
Cthe2179 1st DLNGDGNVNSTDSILMKRYLMKSV 2nd DVNLDGRVNSTDRSILNRYLLKII
(SEQ ID NO: 169) (SEQ ID NO: 170)
Cthe2360 1st DLNGDGRVNSTDLLLMKKRIIREI 2nd DLNLDGKINSSDYTILKRYVLKSI
(SEQ ID NO: 183) (SEQ ID NO: 184)
Cthe2549 1st DVNKDGRINSTDIMYLKGYLLRNS 2nd DVDGNGSVSSLDLTYLKRYILRRI
(SEQ ID NO: 185) (SEQ ID NO: 186)
Cthe2760 1st DLNYDGKVNSTDYLVLKRYLLGTI 2nd DLNRDGRVNSTDMSLMKRYLLGII
(SEQ ID NO: 189) (SEQ ID NO: 190)
Cthe2761 1st DVNGDGKVNSTDCSIVKRYLLKNI 2nd DVNGDGKVNSTDYSLLKRFVLRNI

(SEQ ID NO: 191)

(SEQ ID NO: 192)
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TABLE 4-continued

locus

Amino Acid Sequence

Cthe2811 1st DLNGDGKVNSTDLTIMKRYILKNF
(SEQ ID NO: 193)

Cthe2872 1st DINSDGNVNSTDLGILKRIIVKNP
(SEQ ID NO: 197)

Cthe2949 1st DLNGDGLVNSSDYSLLKRYILKQI
(SEQ ID NO: 201)

Cthe2950 1st DLNNDGRTNSTDYSLMKRYLLGSI
(SEQ ID NO: 203)

Cthe3012 1st DLNGDGNVNSTDSTLMSRYLLGII
(SEQ ID NO: 207)

Cthe3132 1st DLNGDGRVNSTDLAVMKRYLLKQV
(SEQ ID NO: 209)

2nd DLNGDGRINSTDLSILHRYLLRII
(SEQ ID NO: 194)

2nd DVNADGKVNSTDYTVLKRYLLRSI

(SEQ ID NO: 198)

2nd DLNRNGSVDSVDYSILKRFLLKTI

(SEQ ID NO: 202)

2nd DVNLDGKVNSSDYTVLRRFLLGSI

(SEQ ID NO: 204)

2nd DLNGDGKVNSTDYNILKRYLLKYI

(SEQ ID NO: 208)

2nd DLNGDGKANSTDYQLLKRYILKTI

(SEQ ID NO: 210)

The dockerins shown in Table 4 each have two relevant
sequences in the dockerin, and each relevant sequence has a
predicted N-type sugar chain modification site. A preferred
dockerin can be obtained with any of these dockerins by

20
making a dockerin-specific sequence in which aspartic acid is

substituted for asparagine at the predicted N-type sugar chain

modification site of one or both of the two relevant sequences.

TABLE 5

locus Amino Acid Sequence

Cthe0109 1st DFNSDSSVNSTDLMILNRAVLGLG
(SEQ ID NO: 81)

Cthe0191 1st DLNGDAKINSTDLNMMKRYLLQMI
(SEQ ID NO: 84)

Cthe0211 1st DVNGDGHVNSSDYSLFKRYLLRVI
(SEQ ID NO: 86)

Cthe0246 1st DLNADGKINSTDYNLGKRLILRTI
(SEQ ID NO: 90)

Cthe0435 1st DVNADGVVNISDYVLMKRYILRII
(SEQ ID NO: 108)

Cthe0438 1st DLNGDNNINSSDYTLLKRYLLHTI
(SEQ ID NO: 110)

Cthel472 1st DLNFDNAVNSTDLLMLKRYILKSL
(SEQ ID NO: 149)

Cthel890 1st DLNADGSINSTDLMIMKRVLLKOR
(SEQ ID NO: 155)

Cthel963 1st DLNGDGNINSSDLQALKRHLLGIS
(SEQ ID NO: 157)

Cthe2193 1st DINDDGNINDSTDLOMLKRHLLRSI
(SEQ ID NO: 171)

Cthe2194 1st DLNGDGNINSTDLQILKKHLLRIT
(SEQ ID NO: 173)

Cthe2195 1st DLNDDGKVNSTDFQILKKHLLRIT
(SEQ ID NO: 175)

Cthe2196 1st DLNNDGKVNSTDFQLLKMHVLRQE
(SEQ ID NO: 177)

Cthe2197 1st DLNGDGKVNSTDLQLMKMHVLROR
(SEQ ID NO: 179)

2nd

2nd DLNGDGKITSSDYNLLKRYILHLI

(SEQ ID NO: 85)

2nd DVNRDGRIDSTDLTMLKRYLIRAI
(SEQ ID NO: 87)

2nd DLNGDSKVDSTDLTALKRYLLGVI
(SEQ ID NO: 91)

2nd DVNGDNVINDIDCNYLKRYLLHMI
(SEQ ID NO: 109)

2nd

2nd DLNRDNKVDSTDLTILKRYLLKAI

(SEQ ID NO: 150)

2nd DLNGDGKVTSTDYSLMKRYLLKEI
(SEQ ID NO: 156)

2nd DVNRSGKVDSTDYSVLKRYILRII
(SEQ ID NO: 158)

2nd DTNRDGRVDSTDLALLKRYILRVI
(SEQ ID NO: 172)

2nd DVTKDGKVDSTDLTLLKRYILRFV
(SEQ ID NO: 174)

2nd DLNKDGKVDSSDLSLMKRYLLQI I
(SEQ ID NO: 176)

2nd DVNRDGKVDSSDCTLLKRYILRVI
(SEQ ID NO: 178)

2nd DVNRDGKVDSTDVALLKRYILRQI
(SEQ ID NO: 180)
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TABLE 5-continued

24

locus Amino Acid Sequence

Cthe2879 1st DINSDGSINSTDVTLLKRHLLREN
(SEQ ID NO: 199)

Cthe2972 1st DLNGDKQVNSTDY TALKRHLLNIT
(SEQ ID NO: 205)

2nd DTDGDGKITSIDLSYLKRYVLRLI
(SEQ ID NO: 200)
2nd DLNGDGKVDSTDLMILHRYLLGII

(SEQ ID NO: 206)

The dockerins shown in Table 5 each have one or two
relevant sequences in the dockerin, and have a predicted
N-type sugar chain modification site in the N-terminal rel-
evant sequence. A preferred dockerin can be obtained with
these dockerins by making a dockerin-specific sequence in
which aspartic acid is substituted for asparagine at the pre-
dicted N-type sugar chain modification site of this relevant
sequence.

TABLE 6

15

The C. thermocellum type I dockerins shown in the follow-
ing table, the binding ability of which with cohesins has been
confirmed from existing literature and the like, are considered
when selecting dockerin-specific sequences including pre-
ferred dockerins in the protein of the invention. In the follow-

ing table, the dockerins are each specified by two relevant

locus Amino Acid Sequence

Cthe0015 1st DVNADGKIDSTDLTLLKRYLLRSA

(SEQ ID NO: 73) (SEQ ID NO:
Cthe0274 1st DLNVDGSINSVDITYMKRYLLRSI 2nd

(SEQ ID NO: 98) (SEQ ID NO:
cthe0918 1st DLNRNGIVNDEDYILLKNYLLRGN 2nd

(SEQ ID NO: 141)

Cthel806 1st EVIDTKVIDSTDDIVKYEYQFDKK

(SEQ ID NO: 151) (SEQ ID NO:
Cthe2038 1st DIVLDGNINSLDMMKLKKYLIRET 2nd

(SEQ ID NO: 159) (SEQ ID NO:
Cthe2590 1st DLNQDGQVSSTDLVAMKRYLLKNF 2nd

(SEQ ID NO: 187) (SEQ ID NO:
Cthe2812 1st DLNGDQKVTSTDYTMLKRYLMKSI 2nd

2nd

2nd

DTDGNGTVNSTDLNYLKKYILRVI
74)

DINGDGAINSSDMVLLKRYVLRSI
99)

DVNKDGKVNSTDCLFLKKYILGLI
(SEQ ID NO: 142)

TLVLSVNNDSTDKTTVSGYISVDF
152)

DVNSDGEVNSTDYAYLKRYILRII
160)

DLNSDGKVNSTDLVALKRFLLKEI
188)

DLNRDGKINSTDLTILKRYLLYSI

(SEQ ID NO: 195)

(SEQ ID NO:

196)

The dockerins shown in Table 6 each have two relevant
sequences in the dockerin, and have a predicted N-type sugar
chain modification site in the C-terminal relevant sequence. A
preferred dockerin can be obtained with these dockerins by
making a dockerin-specific sequence in which aspartic acid is
substituted for asparagine in the predicted N-type sugar chain
modification site of this relevant sequence.

45

sequences. A preferred dockerin comprising a dockerin-spe-
cific sequence with aspartic acid substituted for asparagine at
apredicted N-type sugar chain modification site in a relevant
sequence can be obtained if this relevant sequence has 90% or
more amino acid sequence similarity with any of the relevant
sequences contained in these dockerins.

TABLE 7

locus protein

Related Sequence

Cthe0269 Cel8A

Cthe0412 Cel9K

Cthe0413 CbhoA

Cthe0578 Cel9R

Cthe0825 Cel9D

Cthel838 XynloC

1st DVNGDGNVNSTDLTMLKRYLLKSV
(SEQ ID NO: 94)

1st DCNGDGKVNSTDAVALKRYILRSG
(SEQ ID NO: 102)

1st DCNDDGKVNSTDVAVMKRYLKKEN
(SEQ ID NO: 104)

1st DINLDGKINSSDVTLLKRYIVKSI
(SEQ ID NO: 115)

1st DVNDDGKVNSTDLTLLKRYVLKAV
(SEQ ID NO: 137)

1st DVNGDGRVNSSDLTLMKRYLLKSI
(SEQ ID NO: 153)

2nd DVNRDGAINSSDMTILKRYLIKSI
(SEQ ID NO: 95)

2nd DVNADGRVNSTDLAILKRYILKEI
(SEQ ID NO: 103)

2nd DVNADGKVNSTDFSILKRYVMNKNI
(SEQ ID NO: 105)

2nd DVNGDGRVNSTDYSYLKRYVLKII
(SEQ ID NO: 116)

2nd DVNRDGRVNSSDVTILSRYLIRVI
(SEQ ID NO: 138)

2nd DLNEDGKVNSTDLLALKKLVLREL
(SEQ ID NO: 154)
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locus protein

Related Sequence

Cthe2089 Cel48S  1st DVNDDGKVNSTDAVALKRYVLRSG

(SEQ ID NO: 161)
Cthe2147 Cel50 1st DVNGDFAVNSNDLTLIKRYVLKNI

(SEQ ID NO: 167)

(SEQ ID NO:

(SEQ ID NO:

2nd DLNEDGRVNSTDLGILKRYILKEI

162)

2nd DVDGDEKITSSDAALVKRYVLRAI

168)

TABLE 8

Similarit

of Amino Acid Sequence

Cel8A Cel9K _Cbh9A Cel9R Celd9D XynlOC Celd48S Cel50

locus Related Sequence 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Cthe- 1st DFNSDSSVNSTDLMILNRAVLGLG 85 85 84 85 93 85 85 76 85 85 85 90 80 90 80 80
0109 (SEQ ID NO: 81)

2nd - - - - - - - - - - - - - - - -
Cthe- 1st DLNGDNNNSSDYTLLKRYLLHTI 95 91 90 95 94 100 91 95 95 91 95 83 91 95 91 95
0438 (SEQ ID NO: 110)

2nd - - - - - -

The dockerins shown in Table 8 each have one relevant
sequence on the N-terminal side, and this relevant sequence
has 90% or greater amino acid sequence similarity to one of
the relevant sequences in the 8 dockerins shown in Table 7,
which have confirmed cohesin binding ability. A preferred
dockerin can be obtained by making a dockerin-specific
sequence in which aspartic acid has been substituted for
asparagine at a predicted N-type sugar chain modification site
in this relevant sequence.

TABLE 9

35

The dockerins shown in Table 9 each have two relevant
sequences, and the relevant sequence on the C-terminal side
has 90% or greater amino acid similarity to one of the relevant
sequences in the 8 dockerins shown in Table 7, which have
confirmed cohesin binding ability. A preferred dockerin can
be obtained by making a dockerin-specific sequence in which
aspartic acid has been substituted for asparagine at a pre-
dicted N-type sugar chain modification site in this relevant
sequence.

Similarity of Amino Acid Sequence

Cel8a Cel9K Cbh9A Cel9R Cel9D XynlOC Cel48S

Cel50

locus Related Sequence

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd

Cthe0239 1st DYNGDGAVNSTDLLACKRYLLYAL

(SEQ ID NO: 88)

2nd DLDGNGKINSTDYAYLKRVLLKQI 87 79 90 91
(SEQ ID NO: 89)

Cthe0435 1st DVNADGVVNISDYVLMKRYILRII 83 83 77 83
(SEQ ID NO: 108)

2nd DVNGDNVINDIDCNYLKRYLLHMI 83 79 77 83
(SEQ ID NO: 109)

Cthe2038 1st DIVLDGNINSLDMMKLKKYLIRET 81 77 83 78
(SEQ ID NO: 159)

2nd DVNSDGEVNSTDYAYLKRYILRII 87 87 86 85
(SEQ ID NO: 160)

Cthe2549 1st DVNKDGRINSTDIMYLKGYLLRNS 82 82 79 79
(SEQ ID NO: 185)

2nd DVDGNGSVSSLDLTYILKRYLRRI 91 87 81 85

(SEQ ID NO: 186)

85

80

80

78

85

79

85

80 76 85 76 85 76 71 71 76 71 76 79 80 76 76 71
95 83 95 91 83 87 83 90 91 83 91
83 79 83 83 83 83 77 81 79 83 83
83 75 95 83 79 79 77 81 83 79 79
78 81 72 77 77 77 78 77 78 73 T2
91 83 95 87 87 83 81 90 83 83 87
82 82 81 86 86 82 86 87 86 73 77
91 87 87 87 83 91 79 86 87 87 83
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TABLE 10

Similarity of Amino Acid Sequence

Cels8a Cel9K _Cbh9A _Cel9R _Celd9D XynlOC Cel48S_Cel50

locus Related Sequence 1st 2nd 1st 2nd 1st 2ndlst 2ndlst 2ndlst 2nd lst 2ndlst 2nd

Cthe0015 1st DVNADGKIDSTDLTLLKRVLLRSA 100 91 87 100 95100 95 90 100 95100 86 91 100 91 95
(SEQ ID NO: 73)

2nd DTDGNGTVNSTDLNYLKKYILRVI 91 87 81 87 90 91 87 91 95 87 87 81 86 83 87 091

(SEQ ID NO: 74)

Cthe0032 1st DLNNDGNINSTDYMILKKYILKVL 87 87 90 90 85 9583 91 91 91 87 83 90 90 86 91
(SEQ ID NO: 75)
2nd DLNGDGSINSTDLTILKRFIMKAI 100 95 90 100 100100 95 87 100 95100 91 91 100 95 96

(SEQ ID NO: 76)

Cthe0043 1st DLNGDGNINSTDFTMLKRAILGNP 95 90 84 95 93 9585 90 95 85 95 85 85 95 90 90
(SEQ ID NO: 77)
2nd DLNRDGNTNSTDLMILRRYLLKLI 87 91 88 87 85 87 87 83 87 95 87 86 86 87 83 83

(SEQ ID NO: 78)

Cthe0044 1st DINLDGKINSTDLSALKRHILRIT 90 86 88 90 100 90 95 86 90 91 90 86 86 90 81 86
(SEQ ID NO: 79)
2nd DVNNDGSVNSTDASILKKYIAKAI 91 91 82 91 90 91 95 83 91 95 91 79 86 91 87 95

(SEQ ID NO: 80)

Cthe0190 1st ELNGDGKINSSDLNMMKRYLLRLI 95 87 85 95 100 95 91 91 95 95 95 86 86 95 87 91
(SEQ ID NO: 82)
2nd DLNGDGKINSSDYSILKRYLLRMI 91 83 85 91 94 9587 95 91 91 91 81 86 91 83 91

(SEQ ID NO: 83)

Ctheo0191 1st DLNGDAKINS TDLNMMKRYLLQMI 95 87 85 95 100 95 91 91 95 95 95 86 86 95 87 91
(SEQ ID NO: 84)
2nd DLNGDGKITSSDYNLLKRYILHLI 91 83 85 91 94 9587 95 91 91 91 81 86 91 83 091

(SEQ ID NO: 85)

Cthe0211 1st DVNGDGHVNSSDYSLFKRYLLRVI 91 83 81 91 90 9587 95 95 91 91 81 86 91 83 91
(SEQ ID NO: 86)
2nd DVNRDGRIDSTDLTMLKRYLIRAI 95 95 82 95 86 95 95 83 95100 95 83 86 95 87 91

(SEQ ID NO: 87)

Cthe0246 1st DLNADGKINSTDYNLGKRLILRTI 87 79 76 87 83 91 83 87 87 83 87 83 78 87 79 87
(SEQ ID NO: 90)
2nd DLNGDSKVDSTDLTALKRYLLGV I 87 79 94 87 100 87 83 87 91 87 87 90 95 87 79 87

(SEQ ID NO: 91)

Cthe0269 1st DVNGDGNVNSTDLTMLKRYLLKSV 100 95 86 100 90100 95 87 100 91100 87 91 100 95 95
(SEQ ID NO: 94)
2nd DVNRDGAINDDSMTILKRYLIKSI 95 100 78 91 81 9191 79 91 91 91 79 82 91 91 87

(SEQ ID NO: 95)

Cthe0270 1st DLNGDGKVNSSDLAILKRYMLRAI 100 91 90 100 100100 95 87 100 95100 87 91 100 91 95
(SEQ ID NO: 96)
2nd DLNRDGNVNSTDYSILKRYILKAI 91 95 84 91 85 9591 87 91 95 91 79 82 91 87 091

(SEQ ID NO: 97)

Cthe0274 1st DLNVDGSINSVDITYMKRYLLRSI 91 87 85 95 93 95 91 87 91 83 87 83 86 91 83 83
(SEQ ID NO: 98)
2nd DTNGDGAINSSDMVLLKRYVLRS I 100 95 82 95 90 91 91 79 95 87 95 83 86 87 95 91

(SEQ ID NO: 99)

Cthe0405 1st DVNGDGNVNS TDVVWLRRFLLKLV 91 87 90 91 86 83 87 91 91 91 91 95 95 87 87 91
(SEQ ID NO: 100)
2nd DMNDDGNINSTDMIALKRKVLKIP 90 86 90 86 93 86 86 82 90 86 90 95 90 86 86 81

(SEQ ID NO: 101)

Cthe0412 1st DCNGDGKVNSTDAVALKRYILRSG 86 78 100 86 100 82 94 81 86 86 86 90 95 85 78 91
(SEQ ID NO: 102)
2nd DVNADGRVNSTDLAILKRYILKEI 100 91 86 100 91100 95 87 100 91100 87 90 100 91 95

(SEQ ID NO: 103)

Cthe0413 1st DCNDDGKVNS TDVAVMKRYLKKEN 90 81 100 91 100 91 94 81 90 86 90 85 95 95 82 95
(SEQ ID NO: 104)
2nd DVNADGKVNSTDFSILKRYVMKNI 100 91 82 100 91100 91 91 100 87100 87 86 100 91 95

(SEQ ID NO: 105)

Cthe0433 1st DLNGDGRVNSSDLALMKRYVVKQI 95 87 90 100 95100 91 87 100 91 95 87 90 100 91 95
(SEQ ID NO: 106)
2nd DLNGDDKVNSTDYSVLKRYLLRSI 95 87 90 95 94100 91 91 95 87 95 87 91 95 87 95

(SEQ ID NO: 107)
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Similarity of Amino Acid Sequence

Cels8a Cel9K Cbh9A Cel9R _Cel9D XynlOC Cel48S_ Cel50

locus Related Sequence 1st 2nd 1st 2nd 1st 2ndlst 2ndlst 2ndlst 2nd lst 2ndlst 2nd

Cthe0536 1st DVNGDGRVNSSDVALLKRYLLGLV 100 90 90 100 95 95 95 87100 91100 85 95 100 90 100
(SEQ ID NO: 111)

2nd DVNVSGTVNSTDLAIMKRYVLRS I 95 95 82 95 90100100 79 95 87 91 83 86 91 91 91
(SEQ ID NO: 112)

Cthe0543 1st DVNFDGRINSTDYSRLKRYYIKSL 91 83 84 87 83 91 91 87 87 83 87 79 82 87 79 87
(SEQ ID NO: 113)

2nd DVDGNGRINSTDLYVLNRYILKLI 91 83 86 91 86 91 87 87 91 91 91 90 90 91 83 87
(SEQ ID NO: 114)

Cthe0578 15t DINLDGKINSSDVTLLKRYIVKSI 95 91 94 95 94 91100 83 95 91 95 83 91 95 87 95
(SEQ ID NO: 115)

2nd DVNGDGRVNSTDYSYLKRYVLKII 87 79 81 87 81 91 83100 87 87 87 81 86 87 79 87
(SEQ ID NO: 1le)

Cthe0640 1st DLNGDNNVNSTDLTLLKRYLTRVI 91 91 85 91 100 91 91 87 95 95 91 81 86 91 87 91
(SEQ ID NO: 117)

2nd DVNGDGKINSTDYSAMIRYILRII 83 75 81 83 85 87 79 91 83 83 83 81 86 83 75 83
(SEQ ID NO: 118)

Cthe0661 1st DVNGDLKVNSTDFSMLRRYLLKTI 95 87 78 95 81 95 87 91 95 87 95 83 82 95 95 91
(SEQ ID NO: 119)

2nd DLNGDGRINSSDLTMLKRYLLMEV 100 91 89 100 95100 95 87100 91100 87 90 100 91 95
(SEQ ID NO: 120)

Cthe0624 1st DLNNDSKVNAVDIMMLKRYILGII 87 79 89 87 94 87 79 83 87 87 83 90 90 87 75 79
(SEQ ID NO: 121)

2nd DIYFDGVVNSSDYNIMKRYLLKAI 83 87 78 83 83 87 87 79 90 83 83 75 78 90 94 90
(SEQ ID NO: 122)

Cthe0625 1st DLNGDGVVNSTDSVILKRHIIKFS 90 90 90 90 85 86 86 82 90 86 90 81 90 86 90 95
(SEQ ID NO: 123)

2nd DLNGDGNINSSDVSLMKRYLLRII 95 91 90 95 100 91 91 91 95 95 95 86 90 95 91 95
(SEQ ID NO: 124)

Cthe0660 1st DLNGDGKINSTDISLMKRYLLKQI 95 87 85 100 95100 91 87100 91 95 87 86 100 91 95
(SEQ ID NO: 125)

2nd DINKDGKVNSTDMSILKRVILRNY 91 91 73 91 86 91 91 81 95 95 91 91 82 95 82 86
(SEQ ID NO: 126)

Cthe0729 1st DSNSDCKVNSTDLTLMKRYLLQQS 90 86 86 91 91 91 86 81 90 90 90 78 81 91 86 86
(SEQ ID NO: 127)

2nd DLNGDGKINSSDYTLLKRYLLGY I 95 85 89 95 94 91 90 87 95 90 95 80 90 95 79 95
(SEQ ID NO: 128)

Cthe0745 1st DINNDKTVNSTDVTYLKRFLLKQI 87 87 86 87 82 87 83 83 91 83 83 87 90 87 91 95
(SEQ ID NO: 129)

2nd DVNLDGNINSTDLVILKRYVLRGI 95 95 89 95 100 91100 79 95 91 95 87 86 91 91 91
(SEQ ID NO: 130)

Cthe0797 1st DVNGDGKINSTDCTMLKRYILRGI 95 87 86 95 90 95 91 91 95 87 95 83 91 95 87 96
(SEQ ID NO: 131)

2nd DVNADLKINSTDLVLMKKYLLRSI 95 87 82 95 90 91 91 79 95 87 95 87 86 91 95 91
(SEQ ID NO: 132)

Cthe0798 1st DVNLDGQVNSTDFSLLKRYILKVV 91 91 83 91 88 91 91 91 95 91 91 81 81 91 87 91
(SEQ ID NO: 133)

2nd DMNNDGNINSTDSILKRILLRN 95 95 80 95 90 95 91 86 95 95 95 91 82 96 91 90
(SEQ ID NO: 134)

Cthe0821 1st DINRDGKINSTDLGMLNRHILKLV 91 91 77 91 86 91 91 87 91100 91 81 81 91 83 87
(SEQ ID NO: 135)

2nd DIDGNGNINSTDYSWLKKYILKVI 87 83 81 87 81 91 83100 91 87 87 81 86 87 83 91
(SEQ ID NO: 136)

Cthe0825 1st DVNDDGKVNSTDLTLLKRYVLKAV 100 91 86 100 90100 95 87100 95100 87 91 100 91 95
(SEQ ID NO: 137)

2nd DVNRDGRVNSSDVTILSRYLIRVI 91 91 86 91 86 87 91 87 95100 91 81 90 91 83 95

(SEQ ID NO: 138)
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Similarity of Amino Acid Sequence

Cels8a Cel9K Cbh9A Cel9R _Cel9D XynlOC Cel48S_ Cel50

locus Related Sequence 1st 2nd 1st 2nd 1st 2ndlst 2ndlst 2ndlst 2nd lst 2ndlst 2nd

Cthe0912 1st DVNGDGTINSTDLTMLKRSVLRAI 95 91 82 91 94 95 91 79 95 87 91 87 86 91 91 91
(SEQ ID NO: 139)

2nd DVDKNGSINSTDVLLLSRYLLRVI 87 91 86 87 90 83 87 83 95 95 87 90 95 91 83 91
(SEQ ID NO: 140)

Cthe0918 1st DLNRNGIVNDEDYILLKNYLLRGN 86 91 84 81 77 86 86 81 86 90 86 77 82 81 81 82
(SEQ ID NO: 141)

2nd DVNKDGKVNSTDCLFLKKYILGLI 85 85 80 85 80 85 85 87 90 87 85 85 90 90 76 85
(SEQ ID NO: 142)

Cthel271 1st DTNSDGKINSTDVTALKRHLLRVT 95 90 95 95 95 90 90 91 95 95 95 86100 90 86 95
(SEQ ID NO: 143)

2nd DVNGDGNVNSTDLLLLKRYILGEI 91 87 85 91 90 91 87 79 91 90 91 87 90 91 87 87
(SEQ ID NO: 144)

Cthel398 1st DLNGDNRINSTDLTLMKRYILKSI 100 91 90 100 95100 95 87 100 91100 87 91100 91 95
(SEQ ID NO: 145)

2nd DINGDGKINSTDYTYLKKYLLQATI 91 83 86 91 85 95 87 95 91 87 91 83 91 91 83 91
(SEQ ID NO: 146)

Cthel400 1st DLNGDGRVNSTDYTLLKRVLLGAI 91 83 89 91 94 95 87 87 91 87 91 80 90 91 83 91
(SEQ ID NO: 147)

2nd DLNLDGRINSTDYTVLKRYLLNAI 91 87 94 91 93 95 95 87 91 91 91 83 91 91 83 91
(SEQ ID NO: 148)

Cthel472 1st DLNFDNAVNSTDLLMLKRYILKSL 91 91 84 87 83 87 91 75 87 83 87 83 82 87 87 83
(SEQ ID NO: 149)

2nd DLNRDNKVDSTDLTILKRYLLKAI 95 95 89 95 90 95 95 83 95100 95 83 86 95 87 91
(SEQ ID NO: 150)

Cthel806 1st EVIDTKVIDSTDDIVKVEYQFDKK 75 - 75 84 84 76 85 70 75100 - 75 68 84 - 100
(SEQ ID NO: 151)

2nd TLVLSVNNDSTDKTTVSGYISVDF 75 91 83 83 80 83 70 73 75 83 75100 83 83 75 100
(SEQ ID NO: 152)

Cthel838 1st DVNGDGRVNSSDLTLMKRYLLKSI 100 91 86 100 90100 95 87 100 91100 87 91100 91 95
(SEQ ID NO: 153)

2nd DLNEDGKVNSTDLLALKKLVLREL 87 79 90 87 85 87 83 81 87 81 87100 %90 87 79 83
(SEQ ID NO: 154)

Cthel890 1st DLNADGSINSTDLMIMKRVLLKQR 90 86 85 91 85 91 86 81 90 86 90 95 86 91 86 86
(SEQ ID NO: 155)

2nd DLNGDGKVTSTDYSLMKRYLLKEI 95 87 85 95 90100 91 91 95 87 95 83 86 95 87 95
(SEQ ID NO: 156)

Cthel963 1st DLNGDGNINSSDLQALKRHLLGIS 90 85 89 95 100 90 85 82 90 82 90 90 90 90 85 90
(SEQ ID NO: 157)

2nd DVNRSGKVDSTDYSVLKRYILRII 87 87 81 87 85 91 87 91 87 95 87 81 86 87 79 87
(SEQ ID NO: 158)

Cthe2089 1st DVNDDGKVNSTDAVALKRYVLRSG 91 82 95 90 95 86 91 86 91 90 91 90100 86 82 95
(SEQ ID NO: 161)

2nd DLNEDGRVNSTDLGILKRYILKEI 100 91 85 100 95100 95 87 100 91100 87 86100 91 95
(SEQ ID NO: 162)

Cthe2137 1st DVDGNGTVNS TDVNYMKRYLLRQI 91 87 86 91 86 91 87 87 95 83 87 87 90 91 91 95
(SEQ ID NO: 163)

2nd DVNGNGNINSTDLSYLKKYILKLI 91 87 81 91 86 91 87 95 91 91 91 86 86 91 87 87
(SEQ ID NO: 164)

Cthe2139 1st DVNADGVINSSDIMVLKRFLLRTI 91 91 86 91 85 91 87 83 91 87 91 95 91 91 91 87
(SEQ ID NO: 165)

2nd DTNGDGAVNSSDFTLLKRYILRSI 100 95 82 95 85 95 87 87 95 83 95 79 86 91 95 91
(SEQ ID NO: 166)

Cthe2179 1st DLNGDGNVNSTDSILMKRYLMKSV 95 91 95 91 90 91 91 83 95 87 95 87 95 91 91 95
(SEQ ID NO: 169)

2nd DVNLDGRVNSTDRSILNRYLLKII 87 87 83 87 88 87 91 87 87 91 87 77 81 87 79 87

(SEQ ID NO: 170)
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Similarity of Amino Acid Sequence

Cels8a Cel9K Cbh9A Cel9R _Cel9D XynlOC Cel48S_ Cel50

locus Related Sequence 1st 2nd 1st 2nd 1st 2ndlst 2ndlst 2ndlst 2nd lst 2ndlst 2nd

Cthe2193 1st DINDDGNINSTDLOMLKRHLLRSI 95 91 82 100 95 9591 83 95 87 95 87 86 95 91 95
(SEQ ID NO: 171)

2nd DTNRDGRVDSTDLALLKRYILRVI 91 91 81 91 90 91 91 87 95100 91 77 86 87 94 91
(SEQ ID NO: 172)

Cthe2194 1st DLNGDGNINSTDLQILKKHLLRIT 95 90 85 100 100 95 90 86 96 91 95 86 86 95 90 95
(SEQ ID NO: 173)

2nd DVTKDGKVDSTDLTLLKRYILRFV 91 91 88 95 95 95 91 87 100 95 91 86 90 100 86 90
(SEQ ID NO: 174)

Cthe2195 1st DLNDDGKVNSTDFQILKKHLLRIT 95 86 85 100 94 95 86 91 95 86 95 86 86 95 86 95
(SEQ ID NO: 175)

2nd DLNKDGKVDSSDLSLMKRYLLQI I 91 91 83 91 100 91 91 87 95100 91 86 86 95 83 87
(SEQ ID NO: 176)

Cthe2196 1st DLNNDGKVNSTDFQLLKMHVLRQE 95 90 85 100 90 95 86 90 95 90 95 86 86 95 86 95
(SEQ ID NO: 177)

2nd DVNRDGKVDSSDCTLLKRYILRVI 87 87 81 87 85 87 87 91 91 95 87 77 86 87 79 91
(SEQ ID NO: 178)

Cthe2197 1st DLNGDGKVNS TDLQLMKMHVLRQR 95 86 85 100 95 95 90 86 95 90 95 86 86 95 86 95
(SEQ ID NO: 179)

2nd DVNRDGKVDSTDVALLKRYILRQI 91 91 86 95 86 91 91 83 95 95 91 83 90 95 87 95
(SEQ ID NO: 180)

Cthe2360 1st DLNGDGRVNSTDLLLMKKRIIREI 91 83 85 91 85 91 87 79 91 83 91 91 86 91 83 87
(SEQ ID NO: 183)

2nd DLNLDGKINSSDYTILKRYVLKSI 91 87 89 91 88 95 95 87 91 87 91 79 86 91 83 91
(SEQ ID NO: 184)

Cthe2590 1st DLNQDGQVSSTDLVAMKRYLLKNF 91 95 90 95 95 91 91 81 95 95 91 95 95 91 87 87
(SEQ ID NO: 187)

2nd DLNSDGKVNSTDLVALKRFLLKEI 95 91 95 95 95 91 91 83 95 91 95100 95 91 87 91
(SEQ ID NO: 188)

Cthe2760 1st DLNVDGKVNSTDYLVLKRYLLGTI 83 79 94 83 87 87 83 83 83 83 83 8590 83 75 83
(SEQ ID NO: 189)

2nd DLNRDGRVNS TDMSLMKRYLLGI I 87 87 82 87 94 87 87 83 87 95 87 80 80 87 79 83
(SEQ ID NO: 190)

Cthe2761 1st DVNGDGKVNSTDCSIVKRYLLKNI 95 87 82 95 86 95 91 91 95 87 95 83 86 95 87 95
(SEQ ID NO: 191)

2nd DVNGDGKVNSTDYSLLKRFVLRNI 95 87 82 95 86100 91 91 95 87 95 87 86 95 87 95
(SEQ ID NO: 192)

Cthe2811 1st DLNGDGKVNSTDLTIMKRYILKNF 100 91 90 100 95100 95 90 100 95100 87 91 100 91 95
(SEQ ID NO: 193)

2nd DLNGDGRINSTDLSILHRYLLRII 95 87 85 95 100 95 91 91 95 91 95 86 86 95 87 91
(SEQ ID NO: 194)

Cthe2812 1st DLNGDQKVTSTDYTMLKRYLMKS I 91 83 85 91 90 95 87 87 91 83 91 79 86 91 87 95
(SEQ ID NO: 195)

2nd DLNRDGKINSTDLTILKRYLLYSI 91 91 88 91 94 91 91 85 91100 91 80 85 91 83 87
(SEQ ID NO: 196)

Cthe2872 1st DINSDGNVNSTDLGILKRIIVKNP 95 95 78 95 86 95 91 86 95 95 95 91 82 95 91 90
(SEQ ID NO: 197)

2nd DVNADGKVNSTDYTVLKRYLLRSI 95 87 91 95 90100 91 91 95 87 95 87 95 95 87 95
(SEQ ID NO: 198)

Cthe2879 1st DINSDGSINSTDVTLLKRHLLREN 100 100 90 100 91 95 95 90 100100100 86 95 100 95 100
(SEQ ID NO: 199)

2nd DTDGDGKITSIDLSYLKRYVLRLI 91 79 81 91 90 91 83 95 91 87 87 81 86 87 79 83
(SEQ ID NO: 200)

Cthe2949 1st DLNGDLVNSSDYSLLKRYILKQI 87 83 80 91 85 9583 87 91 83 87 79 81 91 87 91
(SEQ ID NO: 201)

2nd DLNRNGSVDSVDYSILKRFLLKTI 91 91 84 91 85 9587 91 91 91 87 83 82 91 83 87

(SEQ ID NO: 202)
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TABLE 10-continued

Similarity of Amino Acid Sequence

Cels8a Cel9K Cbh9A Cel9R _Cel9D XynlOC Cel48S_ Cel50

locus Related Sequence 1st 2nd 1st 2nd 1st 2ndlst 2ndlst 2ndlst 2nd lst 2ndlst 2nd

Cthe2950 1st DLNNDGRTNSTDYSLMKRYLLGSI 91 87 84 91 94 9587 87 9187 91 80 85 91 83 91
(SEQ ID NO: 203)

2nd DVNLDGKVNSSDYTVLRRFLLGS I 87 83 94 87 93 91 91 83 87 83 87 85 90 87 79 87
(SEQ ID NO: 204)

Cthe2972 1st DLNGDKQVNSTDYTALKRHLLNII 86 81 89 86 88 90 81 91 86 82 86 80 90 86 86 90
(SEQ ID NO: 205)

2nd DLNGDGKVDSTDLMILHRVLLGI I 87 79 89 87 94 87 83 83 87 83 87 90 90 87 79 83
(SEQ ID NO: 206)

Cthe3012 1st DLNGDGNVNSTDSTLMSRYLLGII 87 83 94 87 94 87 83 87 87 87 87 80 95 87 83 91
(SEQ ID NO: 207)

2nd DLNGDGKVNSTDYNILKRYLLKYI 91 83 85 91 90 9587 91 9187 91 81 86 91 83 91
(SEQ ID NO: 208)

Cthe3132 1st DLNGDGRVNS TDLAVMKRYLLKQV 95 87 95 100 95 100 91 87 100 91 95 91 95 100 91 95
(SEQ ID NO: 209)

2nd DLNGDGKANSTDYQLLKRYILKTI 91 79 85 95 90 9583 91 91 87 91 83 86 91 83 91
(SEQ ID NO: 210)

25

The dockerins shown in Table 10 each have two relevant
sequences, and each of the relevant sequences has 90% or
greater amino acid similarity to one of the relevant sequences
in the 8 dockerins shown in Table 7, which have confirmed
cohesin binding ability. A preferred dockerin can be obtained
by making a dockerin-specific sequence in which aspartic
acid has been substituted for asparagine at a predicted N-type
sugar chain modification site in one or both of these relevant
sequences.

30

When the amino acid sequence of a dockerin has 90% or
greater similarity to the amino acid sequence of any of the
known dockerins having cohesin binding ability shown in
Table 7, moreover, a preferred dockerin can be obtained by
making a dockerin-specific sequence in which aspartic acid
has been substituted for asparagine at a predicted N-type

sugar chain modification site in this dockerin.

TABLE 11

Similarity of
Amino Acid Sequence

locus Amino Acid Sequence Cel8A Cel9K Cbh9A Cel9R

Cthe0043 DLNGDGNINSTDFTHLKRAILGNPAPGTNLAAGDLNRDGNTNSTDLMILRRYLLKLI 91 83 83 76
(SEQ ID NO: 3)

Cthe0044 DNLDGKINSTDLSALKRHILRITTLSGKQLENADVNNDGSVNSTDASILKKYIAKAI 86 81 88 77
(SEQ ID NO: 4)

Cthe0109 DFNSDSSVNSTDLMILNRAVLGLG 85 85 85 76
(SEQ ID NO: 5

Cthe0211 DVNGDHVNSSDYSLFKRYLLRVIDRFPVGDQSVADVNRDGRIDSTDLTMLKRYLIRAI 86 83 88 91
(SEQ ID NO: 8

Cthe0269 DVNGDGNVNSTDLTMLKRYLLKSVTNINREAADVNRDGAINSSDMTILKRYLIKSI 100 87 89 77
(SEQ ID NO: 12)

Cthe0270 DLNGDGKVNSSDLAILKRYMLRAISDFPIPEGRKLADLNRDGNVNSTDYSILKRYILKAI 88 82 82 87
(SEQ ID NO: 13)

Cthe0405 DVNGDGNVNSTDVVWLRRFLLKLVEDFPVPSGKQAADMNDDGNINSTDMILKRKVLKIP 82 79 77 75
(SEQ ID NO: 15)

Cthe0412 DCNGDGKVNSTDAVALKRYILRSGISINTDNADVNADGRVNSTDLAILKRYILKEI 87 100 96 74
(SEQ ID NO: 16)

Cthe0413 DCNDDGKVNSTDVAVMKRYLKKENVNINLDNADVNADGKVNSTDFSILKRYVMKNI 89 96 100 79
(SEQ ID NO: 17)

Cthe0433 DLNGDGRVNSSDLALMKRYVVKQIEKLNVPVKAADLNGDDKVNSTDYSVLKRYLLRSI 87 87 92 80
(SEQ ID NO: 18)

Cthe0438 DLNGDNNINSSDYTLLKRYLLHTI 95 95 100 95

(SEQ ID NO: 20)
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TABLE 11-continued

Cthe0536 DVNGDGRVNSSDVALLKRYLLGLVENINKEAADVNVSGTVNSTDLAIMKRYVLRSI 94 87 87 74
(SEQ ID NO: 21)

Cthe0578 DINLDGKINSSDVTLLKRYIVKSIDVFPTADPERSLISDVNGDGRVNSTDVSYLKRYVLKII 77 74 79 100
(SEQ ID NO: 23)

Cthe0625 DLNGDGVVNSTDSVILKRHIIKFSEITDPVKLKAADLNGDGNINSSDVSLMKRYLLRII 86 82 84 80
(SEQ ID NO: 27)

Cthe0660 DLNGDGKINSTDISLMKRYLLKQIVDLPVEDDIKAADINKDGKVNSTDMSILKRVILRNY 88 85 80 82
(SEQ ID NO: 28)

Cthe0661 DVNGDLKVNSTDFSMLRRYLLKTIDNFPTENGKQAADLNGDGRINSSDLTMLKRYLLMEV 86 87 84 79
(SEQ ID NO: 25)

Cthe0745 DINNDKTVNSTDVTYLKRPLLKQINSLPNQKAADVNLDGNINSTDLVILKRYVLRGI 91 84 82 74
(SEQ ID NO: 30)

Cthe0797 DVNGDGKINSTDCTMLKRYILRGIEEFPSPSGIIAADVNADLKINSTDLVLMKKYLLRSI 83 80 76 80
(SEQ ID NO: 31)

Cthe0798 DVNLDGQVNSTDFSLLKRYILKVVDINSINVTNADMNNDGNINSTDISILKRLLRN 91 86 88 80
(SEQ ID NO: 32)

Cthe0825 DVNDDGKVNSTDLTLLKRYVLKAVSTLPSSKAEKNADVNRDGRVNSSDVTILSRYLRVI 88 80 78 88
(SEQ ID NO: 34)

Cthe0912 DVNGDGTINSTDLTMLKRSVLRAITLTDDAKARADVDKNGSINSTDVLLLSRYLLRVI 87 82 79 74
(SEQ ID NO: 35)

Cthel398 DLNGDNRINSTDLTLMKRYLKSIEDLPVEDDLWAADINGDGKINSTDYTYLKKYLLQAI 85 86 84 88
(SEQ ID NO: 38)

Cthel838 DVNGDGRVNSSDLTLMKRYLLKSISDFPTPEGKIADLNEDGKVNSTDLLALKKLVLREL 83 81 78 83
(SEQ ID NO: 42)

Cthe2089 DVNDDGKVNSTDAVALKRYVLRSGISINTDNADLNEDGRVNSTDLGILKRYILKEI 89 98 94 74
(SEQ ID NO: 46)

Cthe2137 DVDGNGTVNSTDVNYMKRYLLRQIEEFPYEKALMAGDVDGNGNINSTDLSYLKKYILKLI 81 83 80 85
(SEQ ID NO: 47)

Cthe2179 DLNGDGNVNSTDSILMKRYLMKSVDLNEEQLKAADVNLDGRVNSTDRISLNRYLLKII 86 85 85 76
(SEQ ID NO: 50)

Cthe2193 DINDDGNINSTDLQMLKRHLLRSILTEKQLLNADTNRDGRVDSTDLALLKRYILRVI 81 79 87 91
(SEQ ID NO: 51)

Cthe2195 DLNDDGKVNSTDFQILKKHLLRITLLTGKNLSNADLNKDGKVDSSDLSLMKRYLLQII 86 81 86 90
(SEQ ID NO: 53)

Cthe2196 DLNNDGKVNSTDFQLLKMHVLRQELPAGTDLSNADVNRDGKVDSSDCTLLKRYILRVI 82 79 84 91
(SEQ ID NO: 54)

Cthe2761 DVNGDGKVNSTDCSIVKRYLLKNEDFPYEYGKEAGDVNGDGKVNSTDYSLLKRFVLRNI 86 80 83 80
(SEQ ID NO: 61)

Cthe2811 DLNGDGKVNSTDLTIMKRYILKNFDKLAVPEEAADLNGDGRNSTDLSILHRYLLRII 86 87 91 82
(SEQ ID NO: 62)

Cthe2812 DLNGDQKVTSTDYTMLKRYLMKSIDRFNTSEQAADLNRDGKINSTDLTILKR 88 84 86 75
(SEQ ID NO: 63)

Similarity of
Amino Acid Sequence

locus Amino Acid Sequence Cel9D XynlOC Cel48SCel50
Cthe0043 DLNGDGNINSTDFTHLKRAILGNPAPGTNLAAGDLNRDGNTNSTDLMILRRYLLKLI 86 83 84 80
Cthe0044 DNLDGKINSTDLSALKRHILRITTLSGKQLENADVNNDGSVNSTDASILKKYIAKAI 90 81 81 88
Cthe0109 DFNSDSSVNSTDLMILNRAVLGLG 85 90 90 80
Cthe0211 DVNGDHVNSSDYSLFKRYLLRVIDRFPVGDQSVADVNRDGRIDSTDLTMLKRYLIRATI 77 84 79 83
Cthe0269 DVNGDGNVNSTDLTMLKRYLLKSVTNINREAADVNRDGAINSSDMTILKRYLIKSI 88 83 89 85
Cthe0270 DLNGDGKVNSSDLAILKRYMLRAISDFPIPEGRKLADLNRDGNVNSTDYSILKRYILKAI 93 88 83 88
Cthe0405 DVNGDGNVNSTDVVWLRRFLLKLVEDFPVPSGKQAADMNDDGNINSTDMILKRKVLKIP 89 93 81 82
Cthe0412 DCNGDGKVNSTDAVALKRYILRSGISINTDNADVNADGRVNSTDLAILKRYILKEI 80 81 98 78
Cthe0413 DCNDDGKVNSTDVAVMKRYLKKENVNINLDNADVNADGKVNSTDFSILKRYVMKNI 78 78 94 81
Cthe0433 DLNGDGRVNSSDLALMKRYVVKQIEKLNVPVKAADLNGDDKVNSTDYSVLKRYLLRSI 88 85 87 88

Cthe0438 DLNGDNNINSSDYTLLKRYLLHTI 95 95 95 95
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TABLE 11-continued
Cthe0536 DVNGDGRVNSSDVALLKRYLLGLVENINKEAADVNVSGTVNSTDLAIMKRYVLRST 85 81 87 81
Cthe0578 DINLDGKINSSDVTLLKRYIVKSIDVFPTADPERSLISDVNGDGRVNS TDVSYLKRYVLKI T 88 83 74 82
Cthe0625 DLNGDGVVNSTDSVILKRHIIKFSEI TDPVKLKAADLNGDGNINSSDVSLMKRYLLRIT 93 88 84 87
Cthe0660 DLNGDGKINSTDISLMKRYLLKQIVDLPVEDDIKAADINKDGKVNSTDMS ILKRVILRNY 95 90 86 95
Cthe0661 DVNGDLKVNSTDFSMLRRYLLKTIDNFPTENGKQAADLNGDGRINSSDLTMLKRYLLMEY 86 82 88 90
Cthe0745 DINNDKTVNSTDVTYLKRPLLKQINSLPNQKAADVNLDGNINS TDLVILKRYVLRGI 88 81 84 86
Cthe0797 DVNGDGKINSTDCTMLKRYILRGIEEFPSPSGI IAADVNADLKINSTDLVLMKKYLLRST 90 91 80 88
Cthe0798 DVNLDGQVNSTDFSLLKRYILKVVDINSINVTNADMNNDGNINSTDISILKRLLRN 89 84 85 84
Cthe0825 DVNDDGKVNSTDLTLLKRYVLKAVSTLPSSKAEKNADVNRDGRVNS SDVTILSRYLRVI 100 91 81 93
Cthe0912 DVNGDGTINSTDLTMLKRSVLRAITLTDDAKARADVDKNGS INSTDVLLLSRYLLRVI 91 82 86 85
Cthel1398 DLNGDNRINSTDLTLMKRYLKSIEDLPVEDDLWAADINGDGKINSTDY TYLKKYLLQAT 90 88 86 90
Cthel1838 DVNGDGRVNSSDLTLMKRYLLKSISDFPTPEGKIADLNEDGKVNSTDLLALKKLVLREL 91 100 83 86
Cthe2089 DVNDDGKVNSTDAVALKRYVLRSGISINTDNADLNEDGRVNSTDLGILKRYILKET 81 83 100 80
Cthe2137 DVDGNGTVNSTDVNYMKRYLLRQIEEFPYEKALMAGDVDGNGNINSTDLSYLKKYILKLI 91 84 85 90
Cthe2179 DLNGDGNVNSTDSILMKRYLMKSVDLNEEQLKAADVNLDGRVNSTDRISLNRYLLKIT 90 81 86 85
Cthe2193 DINDDGNINSTDLOMLKRHLLRSILTEKQLLNADTNRDGRVDS TDLALLKRYILRVI 79 81 86 86
Cthe2195 DLNDDGKVNSTDFQILKKHLLRITLLTGKNLSNADLNKDGKVDSSDLSLMKRYLLQIT 80 83 85 83
Cthe2196 DLNNDGKVNSTDFQLLKMHVLRQELPAGTDLSNADVNRDGKVDSSDCTLLKRYILRVI 79 82 85 86
Cthe2761 DVNGDGKVNSTDCSIVKRYLLKNEDFPYEYGKEAGDVNGDGKVNSTDYSLLKREVLRNT 90 86 81 90
Cthe2811 DLNGDGKVNSTDLTIMKRYILKNFDKLAVPEEAADLNGDGRNS TDLSILHRYLLRI T 90 89 87 88
Cthe2812 DLNGDQKVTSTDYTMLKRYLMKSIDRENTSEQAADLNRDGKINSTDLTILKR 90 81 84 83

The amino acid sequence of each of the dockerins shown in
Table 11 has 90% or greater similarity to any amino acid

TABLE 12-continued

sequence of the 8 dockerins shown in Table 7. A preferred 5 SEQ ID , ,

dockerin can be obtained by substituting aspartic acid for MO+ Toews - Pmino Beld Sequence
asparagine in at least one predicted N-type sugar chain modi- 98  Cthe02741st DLNVDGSINSVDITYMKRYLLRSI
fication site of this amino acid sequence. 109 Cthe04352nd DVNGDNVINDIDCNYLKRYLLHMI

When a dockerin has a relevant sequence having 90% or
greater homology with the amino acid sequence of a relevant 30 141 Cthe09181st DLNRNGIVNDEDYILLKNYLLRGN
sequence of any of the known dockerins with cohesin binding 150 Cthel4722nd  DLNRDNKVDSTDLTILKRYLLKAL
ability shown in Table 7, a preferred dockerin can be obtained
by substituting aspartic acid for asparagine at a predicted 151 Cthel8061st EVIDTKVIDSTDDIVKYEYQFDKK
N-type sugar chain modification site in that relevant sequence
of the dockerin. A predicted N-type sugar chain modification 35 156 Cthel8s02nd  DLNGDGKVISTDYSLMKRYLLKEL
site in a dockerin having 90% or greater homology with the 186 Cthe2038 1st DIVLDGNINSLDMMKLKKYLIRET
amino acid sequence of such a known dockerin is also a
preferred candidate for substitution. Only the dockerins 167 Cthe21471st DVNGDFAVNSNDLTLIKRYVLKNI
shown in Table 7 are applicable to such dockerins. A preferred
dockerin can be obtained by substituting aspartic acid for 40 168 Crhe2l472nd  DVDGDEKITSSDAALVKRYVLRAT
asparagine at a predicted N-type sugar modification site in a 171 Cthe21932nd DTNRDGRVDSTDLALLKRYILRVI
relevant sequence in one of these dockerins.

Another embodiment of a dockerin-specific sequence is a 174 Cthe21942nd DVIKDGKVDSTDLTLLKRYILREV
dockerin-specific sequence having no intrinsic predicted 176  Cthe21952nd DLNKDGKVDSSDLSLMKRYLLOT I
N-type sugar chain modification site in one of the dockerins 4>
disclosed in Table 1 or the relevant sequences of these dock- 178  Cthe21962nd DVNRDGKVDSSDCTLLKRYILRVI
erins disclosed in Table 2. It is sufficient for the protein of the 180  Cthe21972nd  DVNRDGKVDSTDVALLKRYILROT
invention to have a dockerin containing at least one such
dockerin-specific sequence. The following 29 relevant 181 Cthe22711st DVNLDGSVDSIDLALLYNTTYYAV
sequences are examples of relevant sequences that are such 50
dockerin-specific sequences. 182 Cthe22712nd DVNGDGTVDGIDLAIITAYINGQI

186 Cthe25492nd DVDGNGSVSSLDLTYLKRYILRRI
TABLE 12
187 Cthe25901st DLNQDGQVSSTDLVAMKRYLLKNF
SEQ ID 55
NO.: 1locus - Amino Acid Sequence 195 Cthe2812 1st DLNGDQKVTSTDYTMLKRYLMKSI
73 Cthe00151st DVNADGKIDSTDLTLLKRYLLRSA 200 Cthe28792nd DTDGDGKITSIDLSYLKRYVLRLI
85  Cthe01912nd DLNGDGKITSDYNLLKRYILHLI 206  Cthe29722nd DLNGDGKVDSTDLMILHRYLLGII
87  Cthe02112nd DVNRDGRIDSTDLTMLKRYLIRAI 60 211 Cthe31361st DIDGNGEISSIDYAILKSHLINSN
91 Cthe0246 2nd DLNGDSKVDSTDLTALKRYLLGVI 212 Cthe3136 2nd DVDGNGYVNSIDLAILQOMYLLGKG
92  Cthe02581st DVNGDSKINAIDVLLMKKYILKVI
93 Cthe02582nd DVNADGOINSIDFTHLKKYMLKAV 65  The protein of the invention may be provided with a dock-

erin comprising one or two of the dockerin-specific
sequences shown in Table 12, and typically a dockerin that
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inherently has such a dockerin-specific sequence is preferred.
Examples of such dockerins are those shown in the following
tables. In these tables, the dockerins are specified by their
relevant sequences. In these dockerin-specific sequences, an
amino acid at a site corresponding to a predicted N-type sugar
chain modification site is preferably aspartic acid. A dockerin
having one or two such dockerin-specific sequences is pre-
ferred.

TABLE 13

42

cohesins has been confirmed from existing literature or the
like, are considered when selecting a dockerin-specific
sequence having no intrinsic predicted N-type sugar chain
modification site in a preferred dockerin. When a dockerin
has a relevant sequence with 90% or greater similarity to the
amino acid sequence of any of the relevant sequences in these
dockerins, it can be used as a preferred dockerin if the

locus Amino Acid Sequence

Cthe0258 1st DVNGDSKINAIDVLLMKKYILKVI 2ndDVNADGQINSIDFTWLKKYMLKAV
(SEQ ID NO: 92) (SEQ ID NO: 93)

Cthe2147 1st DVNGDFAVNSNDLTLIKRYVLKNI 2nd DVDGDEKITSSDAALVKRYVLRAI
(SEQ ID NO: 167) (SEQ ID NO: 168)

Cthe2271 1st DVNLDGSVDSIDLALLYNTTYYAV 2nd DVNGDGTVDGIDLAIITAYINGQI
(SEQ ID NO: 181) (SEQ ID NO: 182)

Cthe3136 1st DIDGNGEISSIDYAILKSHLINSN 2nd DVDGNGYVNSIDLAILOMYLLGKG
(SEQ ID NO: 211) (SEQ ID NO: 212)

Cthel3141 1st DVNGNGSIESTDCVWVKRYLLKQI 2nd DVNGNGTIDSTDYQLLKRFILKVI

(SEQ ID NO: 213) (SEQ ID NO: 214)
sequence is a natural dockerin-specific sequence with aspar-
tic acid occupying a site corresponding to a predicted N-type
sugar chain modification site in the relevant sequence.
TABLE 14

Similarity of Amino Acid Sequence

Cel8A Cel9K Cbh9A Cel9R Celd9D XynlOC Cel48S Cel50

locus Amino Acid Sequence of repeated region lst 2ndlst 2ndlst 2ndlst 2ndlst 2nd 1st 2nd 1st 2nd 1st 2nd

Cthe0258 1st DVNGDSKINAIDVLLMKKYILKVI 91 79 90 91 8687 83 87 95 87 87 90 95 91 79 91
(SEQ ID NO: 92)

2nd DVNADGQINSIDFTWLKKYMLKAY 95 87 86 95 8195 83 95 95 83 91 87 91 95 87 87
(SEQ ID NO: 93)

Cthe2147 1st DVNGDFAVNSNDLTLIKRYVLKNI 95 91 78 91 8291 87 79 91 83 91 79 82 91 100 87
(SEQ ID NO: 167)

2nd DVDGDEKITSSDAALVKRYVLRAI 95 87 91 95 9695 95 87 95 95 95 83 95 95 87100
(SEQ ID NO: 168)

Cthe2271 1st DVNLDGSVDSIDLALLYNTTYYAV 93 87 83 93 10093 93 81 93 87 87 81 81 93 81 81
(SEQ ID NO: 181)

2nd DVNGDGTVDGIDLAIITAYINGQI 95 85 80 83 9087 85 80 95 80 85 80 85 83 79 85
(SEQ ID NO: 182)

Cthe3136 1st DIDGNGEISSIDYAILKSHLINSN 95 86 86 90 87100 86 90 95 80 86 80 91 90 86 91
(SEQ ID NO: 211)

2nd DVDGNGYVNSIDLAILOMYLLGKG 95 85 79 95 9095 85 85 95 80 90 80 83 95 85 85
(SEQ ID NO: 212)

Cthe3141 1st DVNGNGSIESTDCVWVKRYLLKQI 87 83 86 91 8287 83 91 91 83 87 87 90 87 87 91
(SEQ ID NO: 213)

2nd DVNGNGTIDSTDYQLLKRFILKVI 87 83 81 87 8691 83 87 91 83 83 86 86 83 83 95
(SEQ ID NO: 214)

The dockerins shown in Table 13 have two relevant
sequences in the dockerin, and no predicted N-type sugar
chain modification site in either relevant sequence.

In the protein of the invention, the C. thermocellum type |
dockerins shown in Table 7, the binding ability of which with

The dockerins shown in Table 14 have two relevant
sequences, and each of these relevant sequences has 90% or

65 greater similarity to the amino acid sequence of one of the 8

dockerins shown in Table 7, the binding ability of which with
cohesins has been confirmed from existing literature or the
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like. Moreover, one or both of these relevant sequences is a
natural dockerin-specific sequence. Aspartic acid may also be
substituted for asparagine at a predicted N-type sugar chain
modification site in a relevant sequence that is not a natural
dockerin-specific sequence.

When a dockerin has an amino acid sequence with 90% or
greater similarity to the amino acid sequence of any of the
aforementioned known dockerins, moreover, it can be used as
a preferred dockerin if it has at least one natural dockerin-

specific sequence in which a site corresponding to a predicted 10

N-type sugar chain modification site is occupied by aspartic
acid in an intrinsic relevant sequence of the dockerin.

44

They can be used as preferred dockerins because they have
natural dockerin-specific sequences in which at least one site
corresponding to a N-type sugar chain modification site in the
amino acid sequence is occupied by aspartic acid. When there
is another relevant sequence in which a predicted N-type
sugar chain modification site is occupied by asparagine,
aspartic acid can be substituted for that asparagine.

The protein of the invention can be provided with an active
site in addition to the dockerin. The type of active site can be
selected appropriately according to the use. The protein of the
invention can also be an artificial protein in which a dockerin
is suitably combined with an active site. A cellulase that is a

TABLE 15
Similarity of
Amino Acid
Sequence
locus Amino Acid Sequence Cel8A Cel9K
Cthel806 EVITKVIDSTDDIVKYEYQFDKKILCADKETEILYFTVVADEEEIYTSDNTRTLVLSVNNDSTDKTTVSGY 67 75
(SEQ ID NO: 41)
Cthe2147 DVNGDFAVNSNDLTLIKRYVLKNIDEFPSSHGLKAADVDGDEKITSSDAALVKRYVLRAT 85 78
(SEQ ID NO: 49)
Cthe3136 DIDGNGEISSIDYAILKSHLINSNLTFKQLAAADVDGNGYVNSIDLAILOMYLLGKGGTSDI 87 88
(SEQ ID NO: 71)
Cthe3141 DVNGNGSIESTDCVWVKRYLLKQIDSFPNENGARAADVNGNGTIDSTDYQLLKRFILKVI 75 84
(SEQ ID NO: 72)
Similarity of
Amino Acid
Sequence
locus Amino Acid Sequence Cbh9A  Cel9R
Cthel806 EVITKVIDSTDDIVKYEYQFDKKILCADKETEILYFTVVADEEEIYTSDNTRTLVLSVNNDSTDKTTVSGY 91 83
Cthe2147 DVNGDFAVNSNDLTLIKRYVLKNIDEFPSSHGLKAADVDGDEKITSSDAALVKRYVLRAT 81 82
Cthe3136 DIDGNGEISSIDYAILKSHLINSNLTFKQLAAADVDGNGYVNSIDLAILOMYLLGKGGTSDI 90 73
Cthe3141 DVNGNGSIESTDCVWVKRYLLKQIDSFPNENGARAADVNGNGTIDSTDYQLLKRFILKVI 80 90
Similarity of
Amino Acid
Sequence
locus Amino Acid Sequence Cel9D XynloC
Cthel806 EVITKVIDSTDDIVKYEYQFDKKILCADKETEILYFTVVADEEEIYTSDNTRTLVLSVNNDSTDKTTVSGY 75 70
Cthe2147 DVNGDFAVNSNDLTLIKRYVLKNIDEFPSSHGLKAADVDGDEKITSSDAALVKRYVLRAT 93 86
Cthe3136 DIDGNGEISSIDYAILKSHLINSNLTFKQLAAADVDGNGYVNSIDLAILOMYLLGKGGTSDI 80 73
Cthe3141 DVNGNGSIESTDCVWVKRYLLKQIDSFPNENGARAADVNGNGTIDSTDYQLLKRFILKVI 80 75
Similarity of
Amino Acid
Sequence
locus Amino Acid Sequence Cel48S Cel50
Cthel806 EVITKVIDSTDDIVKYEYQFDKKILCADKETEILYFTVVADEEEIYTSDNTRTLVLSVNNDSTDKTTVSGY 70 100
Cthe2147 DVNGDFAVNSNDLTLIKRYVLKNIDEFPSSHGLKAADVDGDEKITSSDAALVKRYVLRAT 80 100
Cthe3136 DIDGNGEISSIDYAILKSHLINSNLTFKQLAAADVDGNGYVNSIDLAILOMYLLGKGGTSDI 90 77
Cthe3141 DVNGNGSIESTDCVWVKRYLLKQIDSFPNENGARAADVNGNGTIDSTDYQLLKRFILKVI 76 91

The dockerins shown in Table 15 have amino acid ¢s constituent protein of a cellulosome and already has an intrin-

sequences each having 90% or greater similarity to the amino
acid sequence of any of the 8 dockerins shown in Table 7.

sic dockerin can also be used either as is or after modifica-
tions.
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The protein of the invention can have cellulolysis promot-
ing activity for example when it is used to saccharify a cellu-
lose-containing material from biomass. That is, it can be
provided with a cellulolysis-promoting active site. Examples
of cellulolysis-promoting activity include cellulase activity,
cellulose-binding activity, cellulose loosening activity and
the like.

An active site in a known cellulase can be used appropri-
ately as a cellulase active site. Examples of cellulases include
endoglucanase (EC 3.2.1.74), cellobiohydrolase (EC
3.2.1.91) and p-glucosidase (EC 23.2.4.1, EC 3.2.1.21). Cel-
Iulases are classified into 13 families (5, 6,7, 8, 9, 10, 12, 44,
45,48, 51, 61, 74) of the GHF (glycoside hydrolase family)
(www.cazy.org/fam/acc.gh.html) based on similarity of
amino acid sequence. It is also possible to combine cellulases
of the same or different kinds classified into different fami-
lies.

A cellulase is not particularly limited but is preferably one
that itself has strong cellulase activity. Examples of such
cellulases include those derived from Phanerochaete, Tricho-
derma reesei and other Trichoderma, Fusarium, Tremetes,
Penicillium, Humicola, Acvemonium, Aspergillus and other
filamentous bacteria as well as from Clostridium, Pseudomo-
nas, Cellulomonas, Ruminococcus, Bacillus and other bacte-
ria, Sulfolobus and other Archaea, and Streptomyces, Ther-
moactinomyces and other Actinomycetes. These cellulases or
their active sites may also be artificially modified.

Because the protein of the invention is derived from C.
thermocellum, its cellulolysis-promoting activity is prefer-
ably conferred by an amino acid sequence derived from
Clostridium thermocellum.

From the standpoint of effective use of biomass, the protein
of'the invention may be provided with a hemicellulase active
site. A lignin decomposing enzyme such as lignin peroxidase,
manganese peroxidase or laccase is also possible. Other
examples include the cellulose loosening proteins expansin
and swollenin, and cellulose-binding domains (proteins) that
are constituents of cellulosomes and cellulases. Other
examples include xylanase, hemicellulase and other biomass
decomposing enzymes. All these proteins can improve the
accessibility of the cellulase to cellulose.

This protein is preferably provided with the function of
extracellular secretability in eukaryotic microorganisms.
That is, itis preferably a protein that is produced as a secretory
protein in eukaryotic microorganisms. Cellulase and other
enzymes often have intrinsic signals for extracellular secre-
tion. A known secretion signal can be used to confer extra-
cellular secretability on a dockerin protein. The secretion
signal is selected appropriately according to the type of
eukaryotic microorganism. Secretion signals and the like will
be explained below.

A person skilled in the art will be able to produce the
protein of the invention by genetic recombination or the like
in a suitable host microorganism, or obtain it by chemical
synthesis.

As explained above, because the protein of the invention
has a specific dockerin it has improved binding ability with
type 1 cohesins from C. thermocellum, and may have
improved accumulation and accumulated density on scaf-
folding proteins with such cohesins.

(Scaffolding Protein Having Type I Cohesin from C. ther-
mocellum)

The protein of the present invention is suitable as a protein
for constructing a complex with a scaffolding protein having
atype I cohesin from C. thermocellum. A scaffolding protein
having a type I cohesin from C. thermocellum can be provided
with 1 or 2 or more type I cohesins from C. thermocellum.

10

15

20

25

30

35

40

45

50

55

60

65

46

Cohesins are known as domains on type [ and other scaffold-
ing proteins that bind non-covalently to cellulases and the like
with enzymatic activity in cellulosomes formed by cellulo-
some-producing microorganisms (Sakka et al., Protein,
Nucleic Acid and Enzyme, Vol. 44, No. 10 (1999), pp. 41-50;
Demain, A. L. et al., Microbiol. Mol. Biol. Rev., 69(1), 124-
54 (2005); Doi, R. H. et al., J. Bacterol., 185(20), 5907-5914
(2003), etc.). A scatfolding protein from C. thermocellum for
binding with the protein of the invention has at least a type |
cohesin domain on a type I scatfolding protein. It may also be
provided with a type II cohesin domain on a type II scaffold-
ing protein and a type III cohesin domain on a type III scaf-
folding protein. A number of sequences of such different
types of cohesin domains have been determined in various
cellulosome-producing microorganisms. The amino acid
sequences and DNA sequences of these various types of
cohesins can be easily obtained from various protein data-
bases and DNA sequence databases accessible via the NCBI
HP (www.ncbi.nlm.nih.gov).

A scaffolding protein having a cohesin from C. thermocel-
lum need not itself be a scaffolding protein from C. thermo-
cellum aslong as ithas a type I cohesin from C. thermocellum,
and may be an artificial protein. The scaffolding protein may
have a natural type I cohesin from C. thermocellum, or may
have a modified cohesin with one or two or more mutations
(additions, insertions, deletions or substitutions) introduced
in the amino acid sequence of such a cohesin as long as
binding ability is retained. Multiple such cohesins or the like
may also be provided at suitable intervals in the cohesin
protein. The amino acid sequence of a type I scaffolding
protein and such a sequence with suitable mutations intro-
duced therein can be used for the total amino acid sequence of
the cohesin protein, and for the amino acid sequences
between cohesins if such are present.

The scaffolding protein may also have a cellulose binding
domain (CBD) of a scaffolding protein selected from types |
to III. CBDs are known as domains in scaffolding proteins
that bind to cellulose substrates (see Sakka et al above). There
may be one or two or more cellulose binding domains. Many
amino acid sequences and DNA sequences of CBDs in the
cellulosomes of various cellulosome-producing microorgan-
isms have already been determined. These various CBD
amino acid sequences and DNA sequences can be easily
obtained from various protein databases and DNA sequences
databases accessible through the NCBI HP (www.ncbi.nlm-
.nih.gov) and the like.

The scaffolding protein preferably has extracellular secret-
ability or cell surface display properties in eukaryotic micro-
organisms. That is, it is preferably a protein that is produced
as a secretory protein in eukaryotic microorganisms, or a
protein that is displayed on the cell surfaces of eukaryotic
microorganisms. A known secretory signal or surface display
system can be used to give a cohesin protein extracellular
secretability or cell surface display properties.

A person skilled in the art can produce a scaftfolding protein
having these various domains as necessary by genetic recom-
bination or the like in a suitable host microorganism. Cohesin
proteins having cohesin domains of these various scaffolding
proteins can also be obtained by chemical synthesis.

As explained above, because the protein of the invention
has a specific dockerin, it has improved binding with type I
cohesins from C. thermocellum, and may have enhanced
accumulation and accumulated density on scaffolding pro-
teins with such cohesins.

(Protein Complex)

The disclosures of this Description also provide a protein
complex comprising a scaffolding protein having a type |
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cohesin from C. thermocellum and the protein of the inven-
tion bound to this scaffolding protein. This protein complex
has enhanced activity of the protein of the invention because
the accumulated amount and/or accumulated density of the
protein of the invention is greater.

(Eukaryotic Microorganism Provided with Protein Com-
plex on Cell Surface)

The eukaryotic microorganism disclosed in this Descrip-
tion is provided on the cell surface with the protein complex
disclosed in this Description. In this eukaryotic microorgan-
ism, the scaffolding protein and protein of the invention mak-
ing up the protein complex may be supplied from outside the
cell and self-assembled on the cell surface to construct the
protein complex, but preferably the microorganism produces
these proteins itself. This is because sugar chain modification
by the sugar chain modification system is eliminated or con-
trolled even when the protein of the invention is produced
within an eukaryotic microorganism, resulting in improved
cohesin binding.

When the protein of the invention has cellulase activity or
other cellulolysis promotion activity, a protein complex com-
prising accumulated proteins having cellulase or other cellu-
lolysis promotion activity can be constructed on the cell sur-
face of the eukaryotic microorganism. Such a eukaryotic
microorganism can use glucose obtained by decomposition
and saccharification of a cellulose-containing material on its
cell surface as a carbon source.

There are no particular limits on how the DNA coding for
such a protein is retained within the host microorganism as
long as it is able to express the protein. For example, it can be
linked under the control of a promoter capable of operating in
the eukaryotic microorganism, and with a suitable terminator
located downstream therefrom. The promoter may be a con-
stitutive promoter or an inducible promoter. In this state, the
DNA may be incorporated into a host chromosome, or may be
in the form of a 2 plasmid held within the host nucleus or a
plasmid held outside the nucleus. In general, a selection
marker gene that is usable in the host is retained at the same
time when introducing such exogenous DNA.

The dockerin proteins and cohesin proteins produced in the
eukaryotic microorganism are preferably given extracellular
secretability or cell surface display properties. The protein of
the invention is preferably given extracellular secretability,
while the scaffolding protein is preferably given cell surface
display properties, by which it is excreted outside the cell and
displayed on the cell surface. To give it extracellular secret-
ability, a protein is assigned a secretory signal. Examples of
excretory signals include secretory signals of the Rhizopus
oryzae and C. albicans glucoamylase genes, yeast invertase
leaders, a-factor leaders and the like. Using an agglutinating
protein or a part thereof, the protein can be secreted in such a
way that it is displayed on the surface of the eukaryotic
microorganism. One example is a peptide consisting of 320
amino acid residues of the 5' region of the SAG1 gene, which
codes for the agglutinating protein a-agglutinin. Polypep-
tides and methods for displaying desired proteins on cell
surfaces are disclosed in WO 01/79483, Japanese Patent
Application Laid-open No. 2003-235579, WO 2002/042483
pamphlet, WO 2003/016525 pamphlet, Japanese Patent
Application Laid-open No. 2006-136223, and the publica-
tions of Fujita et al (Fuyjita et al., 2004, Appl. Environ. Micro-
biol. 70:1207-1212 and Fujita et al., 2002, Appl. Environ.
Microbiol. 68:5136-5141), and Murai et al., 1998, Appl.
Environ. Microbiol. 64:4857-4861.

The eukaryotic microorganism is not particularly limited,
and for example various known yeasts can be used. For pur-
poses of ethanol fermentation and the like as discussed below,
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examples include Saccharomyces cerevisiae and other Sac-
charomyces yeasts, Schizosaccharomyces pombe and other
Schizosaccharomyces yeasts, Candida shehatae and other
Candida yeasts, Pichia stipitis and other Pichia yeasts,
Hansenula yeasts, Trichosporon yeasts, Brettanomyces
yeasts, Pachysolen yeasts, Yamadazyma yeasts, and
Kluyveromyces marxianus, Kluyveromyces lactis and other
Kluyveromyces yeasts. Of these, a Saccharomyces yeast is
desirable from the standpoint of industrial utility and the like,
and Saccharomyces cerevisiae is especially desirable.

A eukaryotic microorganism expressing an exogenous
protein can be prepared according to the methods described in
Molecular Cloning, 3" Ed., Current Protocols in Molecular
Biology and the like. Vectors and methods for constructing
vectors for expressing the protein of the invention and scaf-
folding protein in a eukaryotic microorganism are similarly
well-known to those skilled in the art. The vector can be in
various forms according to the mode of use. For example, it
can assume the form of a DNA fragment, or of a 2 micron
plasmid or other suitable yeast vector. The eukaryotic micro-
organism disclosed in this description can be obtained by
transforming a eukaryotic microorganism with such a vector.
Various conventional known methods can be adopted for
transformation, such as transformation methods, transfection
methods, conjugation methods, protoplast methods, elec-
troporation, lipofection, lithium acetate methods and the like.

(Method for Producing Useful Substance)

The method for producing a useful substance disclosed in
this Description may comprise a step of saccharifying and
fermenting a cellulose-containing material by means of a
process whereby a cellulose-containing material is fermented
as a carbon source using the eukaryotic microorganism dis-
closed in this Description, in which the protein of the inven-
tion has cellulolysis promotion activity. With this method, a
cellulose-containing material can be directly decomposed
and saccharified with a eukaryotic microorganism, and used
as glucose or the like by the eukaryotic microorganism. A
useful substance is produced by this fermentation step
according to the useful substance production ability of the
eukaryotic microorganism used.

The useful substance is a product obtained by fermentation
of glucose or the like by the eukaryotic microorganism, and
differs both according to the type of eukaryotic microorgan-
ism and the fermentation conditions. The useful substance is
not particularly limited, and can be any produced by yeasts
and other eukaryotic microorganisms using glucose. The use-
ful substance may also be a compound that is not an intrinsic
metabolite, but one that the yeast or other eukaryotic micro-
organism has been made capable of synthesizing by a geneti-
cally engineered substitution, addition or the like in one or
two or more enzymes in the glucose metabolism system.
Examples of useful substances include ethanol as well as C;_
lower alcohols, lactic acid and other organic acids, fine
chemicals obtained by addition of isoprenoid synthesis path-
ways (coenzyme Q10, vitamins and other raw materials and
the like), glycerin, plastics, synthetic raw materials and the
like obtained by modifications in the glycolytic system, and
other materials used in biorefinery technology. The useful
substance production step may be followed by a step of col-
lecting a useful substance-containing fraction from the cul-
ture liquid, and a further step of refining or concentrating this
fraction. The collection step and refining or other step can be
selected appropriately according to the type of useful sub-
stance and the like.

Proteins of the invention retained as protein complexes on
the surface of the eukaryotic microorganism preferably have
two or more cellulolysis-promoting activities. For example, it
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is desirable to use two or more cellulases having endogluca-
nase and cellobiohydrolase or other activity, respectively.

A cellulose-containing material is a material containing
cellulose, a p-glucan consisting of D-glucose units con-
densed through p-1,4 glycosidic bonds. The cellulose-con-
taining material may be any containing cellulose, regardless
of'derivation or form. Consequently, the cellulose-containing
material may include lignocellulose material, crystalline cel-
Iulose material, soluble cellulose material (amorphous cellu-
lose material), insoluble cellulose material and various other
cellulose materials and the like for example. Examples of
lignocellulose materials include lignocellulose materials
comprising complexes of lignin and the like in the wood and
leaves of woody plants and the leaves, stalks, roots and the
like of herbaceous plants. These lignocellulose materials may
be rice straw, wheat straw, corn stalks, bagasse and other
agricultural waste, collected wood, brush, dried leaves and
the like and chips obtained by grinding these, sawdust, chips
and other sawmill waste, forest thinnings, damaged wood and
other forest waste, and construction waste and other waste
products. Examples of crystalline cellulose materials and
insoluble cellulose materials include crystalline or insoluble
cellulose materials containing crystalline cellulose and
insoluble cellulose after separation of lignin and the like from
lignocellulose materials. Cellulose materials may also be
derived from used paper containers, used paper, used clothes
and other used fiber materials and pulp wastewater.

Prior to being brought into contact with a cellulase, cellu-
lose-containing material may also be subjected to suitable
pretreatment or the like in order to facilitate decomposition by
the cellulase. For example, the cellulose can be partially
hydrolyzed to render it amorphous or reduce its molecular
weight under acidic conditions using an inorganic acid such
as sulfuric acid, hydrochloric acid, phosphoric acid, nitric
acid or the like. It can also be treated with supercritical water,
alkali, pressurized hot water or the like to render it amorphous
or reduce its molecular weight.

Cellulose-containing materials include polymers and
derivatives of polymers of glucose units condensed through
[p-1,4-glycosidic bonds. The degree of glucose polymeriza-
tion is not particularly limited. Derivatives include car-
boxymethylated, aldehyded, esterified and other derivatives.
The cellulose may be either crystalline cellulose or amor-
phous cellulose.

As understood in the technical field, identity or similarity
in this Description signifies a relationship between two or
more proteins or polynucleotides, determined by comparing
their sequences. In this field, “identity” signifies the degree of
sequence invariance between proteins or polynucleotides as
determined by alignment between proteins or polynucle-
otides or in some cases alignment between a series of such
sequences. Similarity signifies the degree of correlation
between protein or polynucleotide sequences as determined
by alignment of protein or polynucleotide sequences, or in
some cases alignment between a series of such sequences.
More specifically, it is determined by the identity or conser-
vation (substitution that maintains the physical characteris-
tics of a sequence or specific amino acid in a sequence) of the
sequence. In the BLAST sequence homology test results
below, similarity is called similarity. The method of determin-
ing identity or similarity is preferably designed so as to show
the longest possible alignment between sequences. Methods
for determining identity or similarity are provided by avail-
able public programs. For example, they can be determined
using the BLAST (Basic Local Alignment Search Tool) pro-
gram of Altschul et al (for example, Altschul, S F, Gish W,
Miller W, Myers E W, Lipman D J, J. Mol. Biol. 215:403-410
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(1990); Altschul S F, Madden T L, Schaffer A A, Zhang I,
Miller W, Lipman D J, Nucleic Acids Res. 25:3389-3402
(1997)). The conditions when using software such as BLAST
are not particularly limited, but the default values are used by
preference.

EXAMPLES

The present invention is explained in detail below using
examples, but the present invention is not limited by these
examples. The gene recombination operations below were
performed in accordance with Molecular Cloning: A Labo-
ratory Manual (T. Maniatis et al., Cold Spring Harbor Labo-

ratory).

Example 1

A pAI-AGALl vector (FIG. 1) was prepared having an
AAP1 homologous region and a HOR7 promoter upstream
and a Tdh3 terminator, His3 marker and AAP1 homologous
region downstream from an agal gene, which was amplified
and cloned by ordinary PCR methods. The yeast S. cerevisiae
BY 4741 was transformed using this vector to obtain a BY-
AGA1 yeast displaying large quantities of agal on the cell
surface.

Example 2

CBD-cohesin was amplified and cloned by ordinary PCR
methods from the C. thermocellum genome (SEQ ID NO.
215). A pDL-CtCBDCohAGA?2 vector was then prepared
having an ADH3 homologous region and HOR7 promoter
upstream and a V5-tag, aga2, Tdh3 terminator, Leu2 marker
and ADH3 homologous region downstream from the result-
ing gene (FIG. 2). The resulting vector was introduced into
the BY-AGAL yeast prepared in Example 1, to obtain a CtCB-
Dcoh yeast displaying cohesin from C. thermocellum on the
cell surface.

Example 3

The Cel48S dockerin gene was amplified and cloned by
ordinary PCR methods from the C. thermocellum genome
(SEQIDNO. 216). Using the resulting Cel48S dockerin gene
as atemplate, two primers, 48Sdock-N18A-Fw and 48Sdock-
N50A-Rv (SEQ ID NOS. 217, 218) were used to obtain a
gene having alanine substituted for the No. 18 and No. 50
asparagines. A gene having aspartic acid substituted for the
No. 18 and No. 50 asparagines was obtained in the same way
using the two primers 48Sdock-N18D-Fw and 48Sdock-
N30D-Rv (SEQID NOS. 219, 220) with the Cel48S dockerin
gene as the template (FIG. 3). A pXU-Cel48Sdoc vector,
pXU-Cel48S-N-A-doc vector and pXU-Cel48S-N-Doc vec-
tor were prepared each having a HXT3 homologous region,
HOR?7 promoter and His-tag upstream and a Tdh3 terminator,
Ura3 marker and HXT3 homologous region downstream
from the respective gene (FIG. 4). The resulting vectors were
introduced into the CtCBDcoh yeast obtained in Example 2 to
obtain CtCBDcoh48Sdoc, CtCBDcoh48SdocN-A and
CtCBDcoh48SdocN-D displaying cohesin from C. thermo-
cellum on the cell surface and simultaneously producing a
dockerin or amino acid-substituted dockerin.

Example 4

The three yeasts CtCBDcoh48Sdoc,
CtCBDcoh48SdocN-A and CtCBDcoh48SdocN-D obtained
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in Example 3 were each cultured for 24 hours at 30° C. in
YP+2% glucose medium, and the equivalent of OD 600=0.5,
62.5 ul was collected, washed with PBS solution, mixed with
PBS+1 mg/ml BSA+anti-His-FITC solution, reacted for 30
minutes at 4° C., and washed twice with PBS solution, and the
amount of dockerin displayed on the yeast cell surface was
then evaluated by flow cytometry. The amount of Cel48S
dockerin displayed was reduced by about half by substitution
of alanine for asparagine. On the other hand, the amount of
Cel48S dockerin displayed was increased by 3.3 times by
substitution of aspartic acid for asparagine (FIG. 5).

Example 5

The Xyn10C dockerin gene was amplified and cloned by
ordinary PCR methods from the C. thermocellum genome
(SEQIDNO. 221). Genes having aspartic acid substituted for
the No. 18 and No. 54 asparagine were obtained using the two
primers 10Cdock-N18D-Fw and 10Cdock-N50D-Rv (SEQ
1D NOS. 222, 223) with this Xyn10C dockerin gene as the
template (FIG. 6). A pXU-Xynl0Cdoc vector and pXU-
XynlOC-N-D-doc vector were prepared each having an
HXT3 homologous region, HOR7 promoter and His-tag
upstream and a Tdh3 terminator, Ura3 marker and HXT3
homologous region downstream from the respective genes
(FIG. 7). The resulting vectors were each introduced into the
CtCBDcoh yeast obtained in Example 2 to obtain
CtCBDcoh10Cdoc and CtCBDcoh10CdocN-D displaying
cohesin from C. thermocellum on the cell surface and simul-
taneously producing a dockerin or amino acid-substituted
dockerin.

Example 6

The two yeasts CtCBDcoh10Cdoc and
CtCBDcoh10CdocN-D obtained in Example 5 were each
cultured for 24 hours at 30° C. in YP+2% glucose medium,
and the equivalent of OD 600=0.5, 62.5 pl was collected,
washed with PBS solution, mixed with PBS+1 mg/ml BSA+
anti-His-FITC solution, reacted for 30 minutes at 4° C., and
washed twice with PBS solution, and the amount of dockerin
displayed on the yeast cell surface was then evaluated by flow
cytometry. The amount of Xyn10C dockerin displayed was
increased by 1.8 times by substitution of aspartic acid for
asparagine (FIG. 8). The two asparagines targeted in the
dockerin in this case are conserved in about 82% of the 142
dockerins attributed to the C. thermocellum genome. Since
amino acid substitution had a similar effect in two different
dockerins, Celd8S and Xyn10C, it appears that this is appli-
cable to most enzyme groups of C. thermocellum.
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Example 7

The Cel8A cellulase gene was amplified and cloned by
ordinary PCR methods from the C. thermocellum genome
(SEQ ID NO. 224). The resulting gene was spliced to the
Cel48S dockerin gene obtained in Example 3 and to a gene
having aspartic acid substituted for the No. 18 and No. 50
asparagines of the Celd8S dockerin, and pXU-Cel8A-
Cel48Sdoc and pXU-Cel8A-Cel48S-N-D-doc vectors were
prepared each having a HXT3 homologous region, HOR7
promoter and His-tag upstream and a Tdh3 terminator, Ura3
marker and HXT3 homologous region downstream from the
respective gene (FIG. 9). The resulting vectors were each
introduced into the CtCBDcoh yeast obtained in Example 2 to
obtain CtCBDcohCel8A48Sdoc and
CtCBDcohCel8A48SdocN-D, each displaying a cohesin
from C. thermocellum on the cell surface and simultaneously
producing a dockerin-type cellulase or amino acid-substi-

tuted dockerin-type cellulase.
Example 8
The two yeasts CtCBDcohCel8A48Sdoc  and

CtCBDcohCel8 A48SdocN-D obtained in Example 7 were
cultured for 24 hours at 30° C. in YP+2% glucose medium,
and the equivalent of OD 600=0.5, 62.5 pl was collected,
washed once with PBS solution, mixed with PBS+1 mg/ml
BSA+anti-His-FITC solution, reacted for 30 minutes at 4° C.,
and washed twice with PBS solution, and the displayed
amount of CelA on the yeast cell surface was evaluated by
flow cytometry. An increase in the displayed amount of CelA
was confirmed due to amino acid substitution (FIG. 10).

Example 9

The two yeasts CtCBDcohCel8A48Sdoc  and
CtCBDcohCel8 A48SdocN-D obtained in Example 7 were
cultured for 24 hours at 30° C. in YP+2% glucose medium,
and the equivalent of OD 600=1, 1 ml was collected, washed
with 50 mM acetic acid buffer pH 6.0 solution, mixed with
1% CMC, 20 mM acetic acid buffer pH 6.0 solution, and
reacted for 2 hours at 40° C. to decompose the CMC. CMC
decomposition activity was increased by amino acid substi-
tution (FIG. 11), indicating improved saccharification ability
of the yeast.

[Sequence Table Free Text]

SEQ ID NOS. 217, 218, 219, 220, 222, 223: Primers

[Sequence Tables]

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 224
<210>
<211>
<212>

<213>

SEQ ID NO 1

LENGTH: 58

TYPE: PRT

ORGANISM: Clostridium thermocellum

<400> SEQUENCE: 1

Asp Val Asn Ala Asp Gly Lys Ile Asp Ser Thr Asp Leu Thr Leu Leu

1 5 10

15

Lys Arg Tyr Leu Leu Arg Ser Ala Thr Leu Thr Glu Glu Lys Ile Leu
30

20 25
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-continued

Asn Ala Asp Thr Asp Gly Asn
35

Tyr Leu Lys Lys Tyr Ile Leu
50 55

<210> SEQ ID NO 2

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 2

Asp Leu Asn Asn Asp Gly Asn
1 5

Lys Lys Tyr Ile Leu Lys Val
20

Ala Ala Asp Leu Asn Gly Asp
35

Ile Leu Lys Arg Phe Ile Met
50 55

<210> SEQ ID NO 3

<211> LENGTH: 57

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 3

Asp Leu Asn Gly Asp Gly Asn
1 5

Lys Arg Ala Ile Leu Gly Asn
20

Gly Asp Leu Asn Arg Asp Gly
35

Leu Arg Arg Tyr Leu Leu Lys
50 55

<210> SEQ ID NO 4

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 4

Asp Ile Asn Leu Asp Gly Lys
1 5

Lys Arg His Ile Leu Arg Ile
20

Asn Ala Asp Val Asn Asn Asp
35

Ile Leu Lys Lys Tyr Ile Ala
50 55

<210> SEQ ID NO 5

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 5

Asp Phe Asn Ser Asp Ser Ser
1 5

Asn Arg Ala Val Leu Gly Leu
20

Gly Thr Val Asn Ser Thr Asp Leu Asn
40 45

Arg Val Ile

thermocellum

Ile Asn Ser Thr Asp Tyr Met Ile Leu
10 15

Leu Glu Arg Met Asn Val Pro Glu Lys
25 30

Gly Ser Ile Asn Ser Thr Asp Leu Thr
40 45

Lys Ala Ile

thermocellum

Ile Asn Ser Thr Asp Phe Thr Met Leu
10 15

Pro Ala Pro Gly Thr Asn Leu Ala Ala
25 30

Asn Thr Asn Ser Thr Asp Leu Met Ile
40 45

Leu Ile

thermocellum

Ile Asn Ser Thr Asp Leu Ser Ala Leu
10 15

Thr Thr Leu Ser Gly Lys Gln Leu Glu
25 30

Gly Ser Val Asn Ser Thr Asp Ala Ser
40 45

Lys Ala Ile

thermocellum

Val Asn Ser Thr Asp Leu Met Ile Leu
10 15

Gly
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-continued

<210> SEQ ID NO 6

<211> LENGTH: 57

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 6

Glu Leu Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Arg Leu
20

Ala Asp Leu Asn Gly Asp Gly
35

Leu Lys Arg Tyr Leu Leu Arg
50 55

<210> SEQ ID NO 7

<211> LENGTH: 59

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 7

Asp Leu Asn Gly Asp Ala Lys
1 5

Lys Arg Tyr Leu Leu Gln Met
20

Ser Cys Ala Asp Leu Asn Gly
35

Asn Leu Leu Lys Arg Tyr Ile
50 55

<210> SEQ ID NO 8

<211> LENGTH: 59

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 8

Asp Val Asn Gly Asp Gly His
1 5

Lys Arg Tyr Leu Leu Arg Val
20

Ser Val Ala Asp Val Asn Arg
35

Thr Met Leu Lys Arg Tyr Leu
50 55

<210> SEQ ID NO 9

<211> LENGTH: 59

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 9

Gly Asp Tyr Asn Gly Asp Gly
1 5

Cys Lys Arg Tyr Leu Leu Tyr
20

Ile Ala Gly Asp Leu Asp Gly
35

Ala Tyr Leu Lys Arg Tyr Leu

thermocellum

Ile Asn Ser Ser Asp Leu Asn Met Met
10 15

Ile Asp Gly Leu Asn Asp Thr Ala Cys

Lys Ile Asn Ser Ser Asp Tyr Ser Ile
40 45

Met Ile

thermocellum

Ile Asn Ser Thr Asp Leu Asn Met Met
10 15

Ile Asp Arg Phe Gly Val Asp Asp Glu
25 30

Asp Gly Lys Ile Thr Ser Ser Asp Tyr

Leu His Leu Ile

thermocellum

Val Asn Ser Ser Asp Tyr Ser Leu Phe
10 15

Ile Asp Arg Phe Pro Val Gly Asp Gln
25 30

Asp Gly Arg Ile Asp Ser Thr Asp Leu
40 45

Ile Arg Ala Ile

thermocellum

Ala Val Asn Ser Thr Asp Leu Leu Ala
10 15

Ala Leu Lys Pro Glu Gln Ile Asn Val
25 30

Asn Gly Lys Ile Asn Ser Thr Asp Tyr
40 45

Leu Lys Gln Ile
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50 55

<210> SEQ ID NO 10

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 10

Asp Leu Asn Ala Asp Gly Lys
1 5

Lys Arg Leu Ile Leu Arg Thr
20

Ser Val Ala Phe Asp Leu Asn
35

Leu Thr Ala Leu Lys Arg Tyr
50 55

<210> SEQ ID NO 11

<211> LENGTH: 59

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 11

Asp Val Asn Gly Asp Ser Lys
1 5

Lys Lys Tyr Ile Leu Lys Val
20

Lys Ala Ala Asp Val Asn Ala
35

Thr Trp Leu Lys Lys Tyr Met
50 55

<210> SEQ ID NO 12

<211> LENGTH: 56

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 12

Asp Val Asn Gly Asp Gly Asn
1 5

Lys Arg Tyr Leu Leu Lys Ser
20

Asp Val Asn Arg Asp Gly Ala
35

Lys Arg Tyr Leu Ile Lys Ser
50 55

<210> SEQ ID NO 13

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 13

Asp Leu Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Met Leu Arg Ala
20

Arg Lys Leu Ala Asp Leu Asn
35

thermocellum

Ile Asn Ser Thr
10

Ile Ser Glu Leu
25

Gly Asp Ser Lys
40

Leu Leu Gly Val

thermocellum

Ile Asn Ala Ile
10

Ile Asn Asp Leu
25

Asp Gly Gln Ile

Leu Lys Ala Val

thermocellum

Val Asn Ser Thr
10

Val Thr Asn Ile
25

Ile Asn Ser Ser
40

Ile

thermocellum

Val Asn Ser Ser
10

Ile Ser Asp Phe
25

Arg Asp Gly Asn
40

Asp Tyr Asn Leu Gly
15

Pro Ile Ser Asn Gly
30

Val Asp Ser Thr Asp
45

Ile
60

Asp Val Leu Leu Met
15

Pro Ser Asp Gly Val
30

Asn Ser Ile Asp Phe

Asp Leu Thr Met Leu
15

Asn Arg Glu Ala Ala
30

Asp Met Thr Ile Leu
45

Asp Leu Ala Ile Leu
15

Pro Ile Pro Glu Gly
30

Val Asn Ser Thr Asp
45
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Tyr Ser Ile Leu Lys Arg Tyr
50 55

<210> SEQ ID NO 14

<211> LENGTH: 68

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 14

Cys Asp Val Gly Asp Leu Asn
1 5

Ile Thr Tyr Met Lys Arg Tyr
20

Tyr Gln Glu Asn Glu Arg Ile
35

Asp Gly Ala Ile Asn Ser Ser
50 55

Leu Arg Ser Ile
65

<210> SEQ ID NO 15

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 15

Asp Val Asn Gly Asp Gly Asn
1 5

Arg Arg Phe Leu Leu Lys Leu
20

Lys Gln Ala Ala Asp Met Asn
35

Met Ile Ala Leu Lys Arg Lys
50 55

<210> SEQ ID NO 16

<211> LENGTH: 56

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 16

Asp Cys Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Ile Leu Arg Ser
20

Asp Val Asn Ala Asp Gly Arg
35

Lys Arg Tyr Ile Leu Lys Glu
50 55

<210> SEQ ID NO 17

<211> LENGTH: 56

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 17

Asp Cys Asn Asp Asp Gly Lys
1 5

Lys Arg Tyr Leu Lys Lys Glu
20

Ile Leu Lys Ala Ile

thermocellum

Val Asp Gly Ser Ile Asn Ser Val Asp
10 15

Leu Leu Arg Ser Ile Ser Val Leu Pro
25 30

Arg Ile Pro Ala Ala Asp Thr Asn Gly
40 45

Asp Met Val Leu Leu Lys Arg Tyr Val
60

thermocellum

Val Asn Ser Thr Asp Val Val Trp Leu
10 15

Val Glu Asp Phe Pro Val Pro Ser Gly
25 30

Asp Asp Gly Asn Ile Asn Ser Thr Asp
40 45

Val Leu Lys Ile Pro
60

thermocellum

Val Asn Ser Thr Asp Ala Val Ala Leu
10 15

Gly Ile Ser Ile Asn Thr Asp Asn Ala
25 30

Val Asn Ser Thr Asp Leu Ala Ile Leu
40 45

Ile

thermocellum

Val Asn Ser Thr Asp Val Ala Val Met
10 15

Asn Val Asn Ile Asn Leu Asp Asn Ala
25 30



61

US 9,243,042 B2

-continued

62

Asp Val Asn Ala Asp Gly Lys
35

Lys Arg Tyr Val Met Lys Asn
50 55

<210> SEQ ID NO 18

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 18

Asp Leu Asn Gly Asp Gly Arg
1 5

Lys Arg Tyr Val Val Lys Gln
20

Ala Ala Asp Leu Asn Gly Asp
35

Val Leu Lys Arg Tyr Leu Leu
50 55

<210> SEQ ID NO 19

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 19

Asp Val Asn Ala Asp Gly Val
1 5

Lys Arg Tyr Ile Leu Arg Ile
20

Met Trp Val Gly Asp Val Asn
35

Cys Asn Tyr Leu Lys Arg Tyr
50 55

<210> SEQ ID NO 20

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 20

Asp Leu Asn Gly Asp Asn Asn
1 5

Lys Arg Tyr Leu Leu His Thr
20

<210> SEQ ID NO 21

<211> LENGTH: 56

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 21

Asp Val Asn Gly Asp Gly Arg
1 5

Lys Arg Tyr Leu Leu Gly Leu
20

Asp Val Asn Val Ser Gly Thr
35

Lys Arg Tyr Val Leu Arg Ser

Val Asn Ser Thr Asp Phe Ser Ile Leu
40 45

Ile

thermocellum

Val Asn Ser Ser Asp Leu Ala Leu Met
10 15

Ile Glu Lys Leu Asn Val Pro Val Lys
25 30

Asp Lys Val Asn Ser Thr Asp Tyr Ser
40 45

Arg Ser Ile

thermocellum

Val Asn Ile Ser Asp Tyr Val Leu Met
10 15

Ile Ala Asp Phe Pro Ala Asp Asp Asp
25 30

Gly Asp Asn Val Ile Asn Asp Ile Asp
40 45

Leu Leu His Met Ile
60

thermocellum

Ile Asn Ser Ser Asp Tyr Thr Leu Leu
10 15

Ile

thermocellum

Val Asn Ser Ser Asp Val Ala Leu Leu
10 15

Val Glu Asn Ile Asn Lys Glu Ala Ala
25 30

Val Asn Ser Thr Asp Leu Ala Ile Met
40 45

Ile
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50 55
<210> SEQ ID NO 22
<211> LENGTH: 63
<212> TYPE: PRT
<213> ORGANISM: Clostridium thermocellum
<400> SEQUENCE: 22
Asp Val Asn Phe Asp Gly Arg Ile Asn Ser Thr Asp Tyr Ser Arg Leu
1 5 10 15
Lys Arg Tyr Val Ile Lys Ser Leu Glu Phe Thr Asp Pro Glu Glu His
20 25 30
Gln Lys Phe Ile Ala Ala Ala Asp Val Asp Gly Asn Gly Arg Ile Asn
35 40 45
Ser Thr Asp Leu Tyr Val Leu Asn Arg Tyr Ile Leu Lys Leu Ile
50 55 60
<210> SEQ ID NO 23
<211> LENGTH: 63
<212> TYPE: PRT
<213> ORGANISM: Clostridium thermocellum
<400> SEQUENCE: 23
Asp Ile Asn Leu Asp Gly Lys Ile Asn Ser Ser Asp Val Thr Leu Leu
1 5 10 15
Lys Arg Tyr Ile Val Lys Ser Ile Asp Val Phe Pro Thr Ala Asp Pro
20 25 30
Glu Arg Ser Leu Ile Ala Ser Asp Val Asn Gly Asp Gly Arg Val Asn
35 40 45
Ser Thr Asp Tyr Ser Tyr Leu Lys Arg Tyr Val Leu Lys Ile Ile
50 55 60
<210> SEQ ID NO 24
<211> LENGTH: 60
<212> TYPE: PRT
<213> ORGANISM: Clostridium thermocellum
<400> SEQUENCE: 24
Asp Leu Asn Gly Asp Asn Asn Val Asn Ser Thr Asp Leu Thr Leu Leu
1 5 10 15
Lys Arg Tyr Leu Thr Arg Val Ile Asn Asp Phe Pro His Pro Asp Gly
20 25 30
Ser Val Asn Ala Asp Val Asn Gly Asp Gly Lys Ile Asn Ser Thr Asp
35 40 45
Tyr Ser Ala Met Ile Arg Tyr Ile Leu Arg Ile Ile
50 55 60
<210> SEQ ID NO 25
<211> LENGTH: 60
<212> TYPE: PRT
<213> ORGANISM: Clostridium thermocellum
<400> SEQUENCE: 25
Asp Val Asn Gly Asp Leu Lys Val Asn Ser Thr Asp Phe Ser Met Leu
1 5 10 15
Arg Arg Tyr Leu Leu Lys Thr Ile Asp Asn Phe Pro Thr Glu Asn Gly
20 25 30
Lys Gln Ala Ala Asp Leu Asn Gly Asp Gly Arg Ile Asn Ser Ser Asp
35 40 45
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66

Leu Thr Met Leu Lys Arg Tyr
50 55

<210> SEQ ID NO 26

<211> LENGTH: 56

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 26

Asp Leu Asn Asn Asp Ser Lys
1 5

Lys Arg Tyr Ile Leu Gly Ile
20

Asp Ile Tyr Phe Asp Gly Val
35

Lys Arg Tyr Leu Leu Lys Ala
50 55

<210> SEQ ID NO 27

<211> LENGTH: 59

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 27

Asp Leu Asn Gly Asp Gly Val
1 5

Lys Arg His Ile Ile Lys Phe
20

Lys Ala Ala Asp Leu Asn Gly
35

Ser Leu Met Lys Arg Tyr Leu
50 55

<210> SEQ ID NO 28

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 28

Asp Leu Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Lys Gln
20

Ile Lys Ala Ala Asp Ile Asn
35

Met Ser Ile Leu Lys Arg Val
50 55

<210> SEQ ID NO 29

<211> LENGTH: 57

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 29

Asp Ser Asn Ser Asp Cys Lys
1 5

Lys Arg Tyr Leu Leu Gln Gln
20

Ala Asp Leu Asn Gly Asp Gly
35

Leu Leu Met Glu Val
60

thermocellum

Val Asn Ala Val Asp Ile Met Met Leu

10

Ile Asp Asn Ile Asn
25

Val Asn Ser Ser Asp
40

Ile

thermocellum

Val Asn Ser Thr Asp
10

Ser Glu Ile Thr Asp
25

Asp Gly Asn Ile Asn
40

Leu Arg Ile Ile

thermocellum

Ile Asn Ser Thr Asp
10

Ile Val Asp Leu Pro
25

Lys Asp Gly Lys Val
40

Ile Leu Arg Asn Tyr
60

thermocellum

Val Asn Ser Thr Asp
10

Ser Ile Ser Tyr Ile
25

Lys Ile Asn Ser Ser
40

Leu

Tyr
45

Ser

Pro

Ser
45

Ile

Val

Asn
45

Leu

Asn

Asp
45

15

Thr Ala Ala
30

Asn Ile Met

Val Ile Leu
15

Val Lys Leu
30

Ser Asp Val

Ser Leu Met
15

Glu Asp Asp
30

Ser Thr Asp

Thr Leu Met
15

Leu Ile Asn
30

Tyr Thr Leu
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Leu Lys Arg Tyr Leu Leu Gly
50 55

<210> SEQ ID NO 30

<211> LENGTH: 57

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 30

Asp Ile Asn Asn Asp Lys Thr
1 5

Lys Arg Phe Leu Leu Lys Gln
20

Ala Asp Val Asn Leu Asp Gly
35

Leu Lys Arg Tyr Val Leu Arg
50 55

<210> SEQ ID NO 31

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 31

Asp Val Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Ile Leu Arg Gly
20

Ile Ile Ala Ala Asp Val Asn
35

Leu Val Leu Met Lys Lys Tyr
50 55

<210> SEQ ID NO 32

<211> LENGTH: 57

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 32

Asp Val Asn Leu Asp Gly Gln
1 5

Lys Arg Tyr Ile Leu Lys Val
20

Asn Ala Asp Met Asn Asn Asp
35

Ile Leu Lys Arg Ile Leu Leu
50 55

<210> SEQ ID NO 33

<211> LENGTH: 59

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 33

Asp Ile Asn Arg Asp Gly Lys
1 5

Asn Arg His Ile Leu Lys Leu
20

Ala Ala Ala Asp Ile Asp Gly

Tyr Ile

thermocellum

Val Asn Ser Thr Asp Val Thr Tyr Leu
10 15

Ile Asn Ser Leu Pro Asn Gln Lys Ala
25 30

Asn Ile Asn Ser Thr Asp Leu Val Ile
40 45

Gly Ile

thermocellum

Ile Asn Ser Thr Asp Cys Thr Met Leu
10 15

Ile Glu Glu Phe Pro Ser Pro Ser Gly
25 30

Ala Asp Leu Lys Ile Asn Ser Thr Asp
40 45

Leu Leu Arg Ser Ile
60

thermocellum

Val Asn Ser Thr Asp Phe Ser Leu Leu
10 15

Val Asp Ile Asn Ser Ile Asn Val Thr
25 30

Gly Asn Ile Asn Ser Thr Asp Ile Ser

Arg Asn

thermocellum

Ile Asn Ser Thr Asp Leu Gly Met Leu
10 15

Val Ile Leu Asp Asp Asn Leu Lys Leu
25 30

Asn Gly Asn Ile Asn Ser Thr Asp Tyr
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70

35

Ser Trp Leu Lys Lys Tyr Ile
50 55

<210> SEQ ID NO 34

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 34

Asp Val Asn Asp Asp Gly Lys
1 5

Lys Arg Tyr Val Leu Lys Ala
20

Glu Lys Asn Ala Asp Val Asn
35

Val Thr Ile Leu Ser Arg Tyr
50 55

<210> SEQ ID NO 35

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 35

Asp Val Asn Gly Asp Gly Thr
1 5

Lys Arg Ser Val Leu Arg Ala
20

Arg Ala Asp Val Asp Lys Asn
35

Leu Leu Ser Arg Tyr Leu Leu
50 55

<210> SEQ ID NO 36

<211> LENGTH: 57

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 36

Asp Leu Asn Arg Asn Gly Ile
1 5

Lys Asn Tyr Leu Leu Arg Gly
20

Ala Asp Val Asn Lys Asp Gly
35

Leu Lys Lys Tyr Ile Leu Gly
50 55

<210> SEQ ID NO 37

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 37

Asp Thr Asn Ser Asp Gly Lys
1 5

Lys Arg His Leu Leu Arg Val
20

40 45

Leu Lys Val Ile

thermocellum

Val Asn Ser Thr Asp Leu Thr Leu Leu
10 15

Val Ser Thr Leu Pro Ser Ser Lys Ala
25 30

Arg Asp Gly Arg Val Asn Ser Ser Asp
40 45

Leu Ile Arg Val Ile
60

thermocellum

Ile Asn Ser Thr Asp Leu Thr Met Leu
10 15

Ile Thr Leu Thr Asp Asp Ala Lys Ala
25 30

Gly Ser Ile Asn Ser Thr Asp Val Leu
40 45

Arg Val Ile

thermocellum

Val Asn Asp Glu Asp Tyr Ile Leu Leu
10 15

Asn Lys Leu Val Ile Asp Leu Asn Val
25 30

Lys Val Asn Ser Thr Asp Cys Leu Phe
40 45

Leu Ile

thermocellum

Ile Asn Ser Thr Asp Val Thr Ala Leu
10 15

Thr Gln Leu Thr Gly Asp Asn Leu Ala
25 30
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Asn Ala Asp Val Asn Gly Asp
35

Leu Leu Lys Arg Tyr Ile Leu
50 55

<210> SEQ ID NO 38

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 38

Asp Leu Asn Gly Asp Asn Arg
1 5

Lys Arg Tyr Ile Leu Lys Ser
20

Leu Trp Ala Ala Asp Ile Asn
35

Tyr Thr Tyr Leu Lys Lys Tyr
50 55

<210> SEQ ID NO 39

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 39

Asp Leu Asn Gly Asp Gly Arg
1 5

Lys Arg Tyr Leu Leu Gly Ala
20

Ile Lys Ala Ala Asp Leu Asn
35

Tyr Thr Val Leu Lys Arg Tyr
50 55

<210> SEQ ID NO 40

<211> LENGTH: 63

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 40

Asp Leu Asn Phe Asp Asn Ala
1 5

Lys Arg Tyr Ile Leu Lys Ser
20

Glu Lys Phe Lys Lys Ala Ala
35

Ser Thr Asp Leu Thr Ile Leu
50 55

<210> SEQ ID NO 41

<211> LENGTH: 77

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 41

Glu Val Ile Asp Thr Lys Val
1 5

Tyr Glu Tyr Gln Phe Asp Lys
20

Gly Asn Val Asn Ser Thr Asp Leu Leu
40 45

Gly Glu Ile

thermocellum

Ile Asn Ser Thr Asp Leu Thr Leu Met
10 15

Ile Glu Asp Leu Pro Val Glu Asp Asp
25 30

Gly Asp Gly Lys Ile Asn Ser Thr Asp
40 45

Leu Leu Gln Ala Ile

thermocellum

Val Asn Ser Thr Asp Tyr Thr Leu Leu
10 15

Ile Gln Thr Phe Pro Tyr Glu Arg Gly
25 30

Leu Asp Gly Arg Ile Asn Ser Thr Asp
40 45

Leu Leu Asn Ala Ile
60

thermocellum

Val Asn Ser Thr Asp Leu Leu Met Leu
10 15

Leu Glu Leu Gly Thr Ser Glu Gln Glu
25 30

Asp Leu Asn Arg Asp Asn Lys Val Asp
40 45

Lys Arg Tyr Leu Leu Lys Ala Ile
60

thermocellum

Ile Asp Ser Thr Asp Asp Ile Val Lys
10 15

Lys Ile Leu Cys Ala Asp Lys Glu Thr
25 30
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Glu Ile Leu Tyr Phe Thr Val
35

Ser Asp Asn Thr Arg Thr Leu
50 55

Asp Lys Thr Thr Val Ser Gly
65 70

<210> SEQ ID NO 42

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 42

Asp Val Asn Gly Asp Gly Arg
1 5

Lys Arg Tyr Leu Leu Lys Ser
20

Lys Ile Ala Ala Asp Leu Asn
35

Leu Leu Ala Leu Lys Lys Leu
50 55

<210> SEQ ID NO 43

<211> LENGTH: 56

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 43

Asp Leu Asn Ala Asp Gly Ser
1 5

Lys Arg Val Leu Leu Lys Gln
20

Asp Leu Asn Gly Asp Gly Lys
35

Lys Arg Tyr Leu Leu Lys Glu
50 55

<210> SEQ ID NO 44

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 44

Asp Leu Asn Gly Asp Gly Asn
1 5

Lys Arg His Leu Leu Gly Ile
20

Arg Ala Asp Val Asn Arg Ser
35

Val Leu Lys Arg Tyr Ile Leu

50 55

<210> SEQ ID NO 45

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 45

Asp Ile Val Leu Asp Gly Asn

Val Ala Asp Glu Glu Glu Ile Tyr Thr
40 45

Val Leu Ser Val Asn Asn Asp Ser Thr
60

Tyr Ile Ser Val Asp Phe
75

thermocellum

Val Asn Ser Ser Asp Leu Thr Leu Met
10 15

Ile Ser Asp Phe Pro Thr Pro Glu Gly
25 30

Glu Asp Gly Lys Val Asn Ser Thr Asp
40 45

Val Leu Arg Glu Leu
60

thermocellum

Ile Asn Ser Thr Asp Leu Met Ile Met
10 15

Arg Thr Leu Asp Asp Ile Thr Pro Ala
25 30

Val Thr Ser Thr Asp Tyr Ser Leu Met
40 45

Ile

thermocellum

Ile Asn Ser Ser Asp Leu Gln Ala Leu
10 15

Ser Pro Leu Thr Gly Glu Ala Leu Leu
25 30

Gly Lys Val Asp Ser Thr Asp Tyr Ser
40 45

Arg Ile Ile

thermocellum

Ile Asn Ser Leu Asp Met Met Lys Leu
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-continued

1 5

Lys Lys Tyr Leu Ile Arg Glu
20

Arg Ala Asp Val Asn Ser Asp
35

Tyr Leu Lys Arg Tyr Ile Leu
50 55

<210> SEQ ID NO 46

<211> LENGTH: 56

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 46

Asp Val Asn Asp Asp Gly Lys
1 5

Lys Arg Tyr Val Leu Arg Ser
20

Asp Leu Asn Glu Asp Gly Arg
35

Lys Arg Tyr Ile Leu Lys Glu
50 55

<210> SEQ ID NO 47

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 47

Asp Val Asp Gly Asn Gly Thr
1 5

Lys Arg Tyr Leu Leu Arg Gln
20

Leu Met Ala Gly Asp Val Asp
35

Leu Ser Tyr Leu Lys Lys Tyr
50 55

<210> SEQ ID NO 48

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 48

Asp Val Asn Ala Asp Gly Val
1 5

Lys Arg Phe Leu Leu Arg Thr

20
Asn Ala Asp Thr Asn Gly Asp
35
Leu Leu Lys Arg Tyr Ile Leu
50 55

<210> SEQ ID NO 49

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 49

10

15

Thr Gln Phe Asn Tyr Asp Glu Leu Leu

25

30

Gly Glu Val Asn Ser Thr Asp Tyr Ala

40

Arg Ile

Ile

thermocellum

Val Asn
Gly Ile
25

Val Asn
40

Ile

Ser Thr Asp
10

Ser Ile Asn

Ser Thr Asp

thermocellum

Val Asn
Ile Glu
25

Gly Asn
40

Ile Leu

Ser Thr Asp
10

Glu Phe Pro

Gly Asn Ile

Lys Leu Ile
60

thermocellum

Ile Asn
Ile Thr
25

Gly Ala

Arg Ser

Ser Ser Asp
10
Leu Thr Glu

Val Asn Ser

Ile

thermocellum

45

Ala

Thr

Leu
45

Val

Tyr

Asn
45

Ile

Glu

Ser
45

Val

Asp
30

Gly

Asn

Glu
30

Ser

Met

Met
30

Asp

Ala Leu
15
Asn Ala

Ile Leu

Tyr Met
15
Lys Ala

Thr Asp

Val Leu

Leu Leu

Phe Thr
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Asp Val Asn Gly Asp Phe Ala
1 5

Lys Arg Tyr Val Leu Lys Asn
20

Leu Lys Ala Ala Asp Val Asp
35

Ala Ala Leu Val Lys Arg Tyr
50 55

<210> SEQ ID NO 50

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 50

Asp Leu Asn Gly Asp Gly Asn
1 5

Lys Arg Tyr Leu Met Lys Ser
20

Ala Ala Asp Val Asn Leu Asp
35

Ile Leu Asn Arg Tyr Leu Leu
50 55

<210> SEQ ID NO 51

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 51

Asp Ile Asn Asp Asp Gly Asn
1 5

Lys Arg His Leu Leu Arg Ser
20

Asn Ala Asp Thr Asn Arg Asp
35

Leu Leu Lys Arg Tyr Ile Leu
50 55

<210> SEQ ID NO 52

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 52

Asp Leu Asn Gly Asp Gly Asn
1 5

Lys Lys His Leu Leu Arg Ile
20

Asn Ala Asp Val Thr Lys Asp
35

Leu Leu Lys Arg Tyr Ile Leu
50 55

<210> SEQ ID NO 53

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 53

Val Asn Ser Asn Asp Leu Thr
10

Ile Asp Glu Phe Pro Ser Ser
25 30

Gly Asp Glu Lys Ile Thr Ser
40 45

Val Leu Arg Ala Ile
60

thermocellum

Val Asn Ser Thr Asp Ser Ile
10

Val Asp Leu Asn Glu Glu Gln
25 30

Gly Arg Val Asn Ser Thr Asp
40 45

Lys Ile Ile

thermocellum

Ile Asn Ser Thr Asp Leu Gln
10

Ile Arg Leu Thr Glu Lys Gln
25 30

Gly Arg Val Asp Ser Thr Asp
40 45

Arg Val Ile

thermocellum

Ile Asn Ser Thr Asp Leu Gln
10

Thr Leu Leu Thr Gly Lys Glu
25 30

Gly Lys Val Asp Ser Thr Asp
40 45

Arg Phe Val

thermocellum

Leu Ile
15

His Gly

Ser Asp

Leu Met
15

Leu Lys

Arg Ser

Met Leu
15

Leu Leu

Leu Ala

Ile Leu
15

Leu Ser

Leu Thr
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Asp Leu Asn Asp Asp Gly Lys
5

Lys Lys His Leu Leu Arg Ile
20

Asn Ala Asp Leu Asn Lys Asp
35

Leu Met Lys Arg Tyr Leu Leu
50 55

<210> SEQ ID NO 54

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 54

Asp Leu Asn Asn Asp Gly Lys
1 5

Lys Met His Val Leu Arg Gln
20

Asn Ala Asp Val Asn Arg Asp
35

Leu Leu Lys Arg Tyr Ile Leu
50 55

<210> SEQ ID NO 55

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 55

Asp Leu Asn Gly Asp Gly Lys
1 5

Lys Met His Val Leu Arg Gln
20

Asn Ala Asp Val Asn Arg Asp
35

Leu Leu Lys Arg Tyr Ile Leu
50 55

<210> SEQ ID NO 56

<211> LENGTH: 130

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 56

Asp Val Asn Leu Asp Gly Ser
1 5

Tyr Asn Thr Thr Tyr Tyr Ala
20

Ile Ala Ala Asp Val Asn Tyr
35

Tyr Met Leu Glu Asp Tyr Leu
50 55

Gly Gln Thr Tyr Thr Val Tyr
65 70

Val Thr Thr Asp Gln Ser Leu
85

Val

Thr

Gly

40

Gln

Asn
Leu
25

Lys

Ile

Ser Thr Asp Phe Gln Ile Leu
10 15

Leu Thr Gly Lys Asn Leu Ser
30

Val Asp Ser Ser Asp Leu Ser
45

Ile

thermocellum

Val

Glu

Gly

40

Arg

Asn
Leu
25

Lys

Val

Ser Thr Asp Phe Gln Leu Leu
10 15

Pro Ala Gly Thr Asp Leu Ser

Val Asp Ser Ser Asp Cys Thr
45

Ile

thermocellum

Val

Arg

Gly

Arg

Asn
Gln
25

Lys

Gln

Ser Thr Asp Leu Gln Leu Met
10 15

Leu Thr Gly Thr Ser Leu Leu
30

Val Asp Ser Thr Asp Val Ala

Ile

thermocellum

Val

Val

Asp

40

Leu

Tyr

Leu

Asp

Pro

25

Ser

Gly

Gly

Ser

Ser Ile Asp Leu Ala Leu Leu
10 15

Leu Pro Asn Arg Leu Gln Tyr
30

Ser Cys Thr Met Leu Asp Phe
45

Arg Ile Ser Ser Phe Pro Ala
60

Asp Leu Asn Gly Asp Gln Leu
75 80

Asp Tyr Leu Leu Gly Arg Ile
90 95
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Asn Leu Thr Phe Arg Gln Tyr
100

Thr Val Asp Gly Ile Asp Leu
115

Gln Ile
130

<210> SEQ ID NO 57

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 57

Asp Leu Asn Gly Asp Gly Arg
1 5

Lys Lys Arg Ile Ile Arg Glu
20

Asn Ala Asp Leu Asn Leu Asp
35

Ile Leu Lys Arg Tyr Val Leu
50 55

<210> SEQ ID NO 58

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 58

Asp Val Asn Lys Asp Gly Arg
1 5

Lys Gly Tyr Leu Leu Arg Asn
20

Leu Met Ala Ala Asp Val Asp
35

Leu Thr Tyr Leu Lys Arg Tyr
50 55

<210> SEQ ID NO 59

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 59

Asp Leu Asn Gln Asp Gly Gln
1 5

Lys Arg Tyr Leu Leu Lys Ash
20

Ala Ala Asp Leu Asn Ser Asp
35

Ala Leu Lys Arg Phe Leu Leu
50 55

<210> SEQ ID NO 60

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 60

Asp Leu Asn Tyr Asp Gly Lys
1 5

Val Ser Ala Asp Val Asn Gly Asp Gly
105 110

Ala Ile Ile Thr Ala Tyr Ile Asn Gly
120 125

thermocellum

Val Asn Ser Thr Asp Leu Leu Leu Met
10 15

Ile Asp Lys Phe Asn Val Pro Asp Glu
25 30

Gly Lys Ile Asn Ser Ser Asp Tyr Thr

Lys Ser Ile

thermocellum

Ile Asn Ser Thr Asp Ile Met Tyr Leu
10 15

Ser Ala Phe Asn Leu Asp Glu Tyr Gly
25 30

Gly Asn Gly Ser Val Ser Ser Leu Asp
40 45

Ile Leu Arg Arg Ile

thermocellum

Val Ser Ser Thr Asp Leu Val Ala Met
10 15

Phe Glu Leu Ser Gly Val Gly Leu Glu
25 30

Gly Lys Val Asn Ser Thr Asp Leu Val
40 45

Lys Glu Ile

thermocellum

Val Asn Ser Thr Asp Tyr Leu Val Leu
10 15
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Lys Arg Tyr Leu Leu Gly Thr
20

Leu Lys Ala Ala Asp Leu Asn
35

Met Ser Leu Met Lys Arg Tyr
50 55

<210> SEQ ID NO 61

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 61

Asp Val Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Lys Ash
20

Lys Glu Ala Gly Asp Val Asn
35

Tyr Ser Leu Leu Lys Arg Phe
50 55

<210> SEQ ID NO 62

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 62

Asp Leu Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Ile Leu Lys Asn
20

Ala Ala Asp Leu Asn Gly Asp
35

Ile Leu His Arg Tyr Leu Leu
50 55

<210> SEQ ID NO 63

<211> LENGTH: 52

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 63

Asp Leu Asn Gly Asp Gln Lys
1 5

Lys Arg Tyr Leu Met Lys Ser
20

Ala Ala Asp Leu Asn Arg Asp
35

Ile Leu Lys Arg

50

<210> SEQ ID NO 64

<211> LENGTH: 57

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 64

Asp Ile Asn Ser Asp Gly Asn

Ile Asp Lys Glu Ser Asp Pro Asn Phe

25

30

Arg Asp Gly Arg Val Asn Ser Thr Asp

40

Leu Leu Gly Ile Ile

60

thermocellum

Val Asn
Ile Glu
25

Gly Asp

Val Leu

Ser
10
Asp

Gly

Arg

Thr Asp

Phe Pro

Lys Val

Asn Ile
60

thermocellum

Val Asn
Phe Asp
25

Gly Arg
40

Arg Ile

Ser
10
Lys

Ile

Ile

Thr Asp

Leu Ala

Asn Ser

thermocellum

Val Thr Ser Thr Asp

10

Ile Asp Arg Phe Asn

25

Gly Lys Ile Asn Ser

40

thermocellum

45

Cys

Tyr

Asn
45

Leu

Val

Thr
45

Tyr

Thr

Thr
45

Ser

Glu
30

Ser

Thr

Pro
30

Asp

Thr

Ser
30

Asp

Ile Val
15

Tyr Gly

Thr Asp

Ile Met
15

Glu Glu

Leu Ser

Met Leu
15

Glu Gln

Leu Thr

Val Asn Ser Thr Asp Leu Gly Ile Leu
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86

-continued

1 5

Lys Arg Ile Ile Val Lys Asn
20

Ala Asp Val Asn Ala Asp Gly
35

Leu Lys Arg Tyr Leu Leu Arg
50 55

<210> SEQ ID NO 65

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 65

Asp Ile Asn Ser Asp Gly Ser

1 5

Lys Arg His Leu Leu Arg Glu
20

Asn Ala Asp Thr Asp Gly Asp

35

Tyr Leu
50

Lys Arg Tyr Val Leu
55

<210> SEQ ID NO 66

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 66
Asp Leu Asn Gly Asp Gly Leu
1 5

Lys Arg Tyr Ile Leu Lys Gln

20
Ala Ala Asp Leu Asn Arg Asn
35

Ile Leu
50

Lys Arg Phe Leu Leu
55

<210> SEQ ID NO 67

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 67

Asp Leu Asn Asn Asp Gly Arg

1 5

Lys Arg Tyr Leu Leu Gly Ser
20

Ala Ala Asp Val Asn Leu Asp

35

Val Leu
50

Arg Arg Phe Leu Leu
55

<210>
<211>
<212>
<213>

SEQ ID NO 68

LENGTH: 61

TYPE: PRT

ORGANISM: Clostridium
<400>

SEQUENCE: 68

10

15

Pro Pro Ala Ser Ala Asn Met Asp Ala

25 30

Lys Val Asn Ser Thr Asp Tyr

40 45
Ser Ile
thermocellum
Ile Asn Ser Thr Asp Val Thr
10
Asn Ile Leu Thr Gly Thr Ala
25 30
Gly Lys Ile Thr Ser Ile Asp
40 45
Arg Leu Ile
thermocellum
Val Asn Ser Ser Asp Tyr Ser
10
Ile Asp Leu Thr Glu Glu Lys
25 30
Gly Ser Val Asp Ser Val Asp
40 45
Lys Thr Ile
thermocellum
Thr Asn Ser Thr Asp Tyr Ser
10
Ile Ser Phe Thr Asn Glu Gln
25 30
Gly Lys Val Asn Ser Ser Asp
40 45
Gly Ser Ile
thermocellum

Thr Val

Leu Leu
15

Tyr Ser

Leu Ser

Leu Leu
15

Leu Lys

Tyr Ser

Leu Met
15

Leu Lys

Tyr Thr
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87 88

-continued

Val Leu Gly Asp Leu Asn Gly Asp Lys Gln Val Asn Ser Thr Asp Tyr
1 5 10 15

Thr Ala Leu Lys Arg His Leu Leu Asn Ile Thr Arg Leu Ser Gly Thr
20 25 30

Ala Leu Ala Asn Ala Asp Leu Asn Gly Asp Gly Lys Val Asp Ser Thr
35 40 45

Asp Leu Met Ile Leu His Arg Tyr Leu Leu Gly Ile Ile
50 55 60

<210> SEQ ID NO 69

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Clostridium thermocellum

<400> SEQUENCE: 69

Asp Leu Asn Gly Asp Gly Asn Val Asn Ser Thr Asp Ser Thr Leu Met
1 5 10 15

Ser Arg Tyr Leu Leu Gly Ile Ile Thr Thr Leu Pro Ala Gly Glu Lys
20 25 30

Ala Ala Asp Leu Asn Gly Asp Gly Lys Val Asn Ser Thr Asp Tyr Asn
35 40 45

Ile Leu Lys Arg Tyr Leu Leu Lys Tyr Ile
50 55

<210> SEQ ID NO 70

<211> LENGTH: 56

<212> TYPE: PRT

<213> ORGANISM: Clostridium thermocellum

<400> SEQUENCE: 70

Asp Leu Asn Gly Asp Gly Arg Val Asn Ser Thr Asp Leu Ala Val Met
1 5 10 15

Lys Arg Tyr Leu Leu Lys Gln Val Gln Ile Ser Asp Ile Arg Pro Ala
20 25 30

Asp Leu Asn Gly Asp Gly Lys Ala Asn Ser Thr Asp Tyr Gln Leu Leu
35 40 45

Lys Arg Tyr Ile Leu Lys Thr Ile
50 55

<210> SEQ ID NO 71

<211> LENGTH: 62

<212> TYPE: PRT

<213> ORGANISM: Clostridium thermocellum

<400> SEQUENCE: 71

Asp Ile Asp Gly Asn Gly Glu Ile Ser Ser Ile Asp Tyr Ala Ile Leu
1 5 10 15

Lys Ser His Leu Ile Asn Ser Asn Leu Thr Phe Lys Gln Leu Ala Ala
20 25 30

Ala Asp Val Asp Gly Asn Gly Tyr Val Asn Ser Ile Asp Leu Ala Ile
35 40 45

Leu Gln Met Tyr Leu Leu Gly Lys Gly Gly Thr Ser Asp Ile
50 55 60

<210> SEQ ID NO 72

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Clostridium thermocellum

<400> SEQUENCE: 72
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-continued

90

Asp Val Asn Gly Asn Gly Ser
1 5

Lys Arg Tyr Leu Leu Lys Gln
20

Ala Arg Ala Ala Asp Val Asn
35

Tyr Gln Leu Leu Lys Arg Phe
50 55

<210> SEQ ID NO 73

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 73

Asp Val Asn Ala Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Arg Ser
20

<210> SEQ ID NO 74

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 74

Asp Thr Asp Gly Asn Gly Thr
1 5

Lys Lys Tyr Ile Leu Arg Val
20

<210> SEQ ID NO 75

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 75

Asp Leu Asn Asn Asp Gly Asn
1 5

Lys Lys Tyr Ile Leu Lys Val
20

<210> SEQ ID NO 76

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 76

Asp Leu Asn Gly Asp Gly Ser
1 5

Lys Arg Phe Ile Met Lys Ala
20

<210> SEQ ID NO 77

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 77

Asp Leu Asn Gly Asp Gly Asn
1 5

Ile Glu Ser
10

Ile Asp Ser
25

Thr Asp Cys Val Trp Val

15

Phe Pro Asn Glu Asn Gly

30

Gly Asn Gly Thr Ile Asp Ser Thr Asp

40

45

Ile Leu Lys Val Ile

thermocellum

60

Ile Asp Ser Thr Asp Leu Thr Leu Leu

10

Ala

thermocellum

15

Val Asn Ser Thr Asp Leu Asn Tyr Leu

10

Ile

thermocellum

15

Ile Asn Ser Thr Asp Tyr Met Ile Leu

10

Leu

thermocellum

15

Ile Asn Ser Thr Asp Leu Thr Ile Leu

10

Ile

thermocellum

15

Ile Asn Ser Thr Asp Phe Thr Met Leu

10

15
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92

Lys Arg Ala Ile Leu Gly Asn
20

<210> SEQ ID NO 78

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 78

Asp Leu Asn Arg Asp Gly Asn
1 5

Arg Arg Tyr Leu Leu Lys Leu
20

<210> SEQ ID NO 79

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 79

Asp Ile Asn Leu Asp Gly Lys
1 5

Lys Arg His Ile Leu Arg Ile
20

<210> SEQ ID NO 80

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 80

Asp Val Asn Asn Asp Gly Ser
1 5

Lys Lys Tyr Ile Ala Lys Ala
20

<210> SEQ ID NO 81

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 81

Asp Phe Asn Ser Asp Ser Ser
1 5

Asn Arg Ala Val Leu Gly Leu
20

<210> SEQ ID NO 82

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 82

Glu Leu Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Arg Leu
20

<210> SEQ ID NO 83

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

Pro

thermocellum

Thr Asn Ser Thr Asp Leu Met Ile Leu
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Leu Ser Ala Leu
10 15

Thr

thermocellum

Val Asn Ser Thr Asp Ala Ser Ile Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Leu Met Ile Leu
10 15

Gly

thermocellum

Ile Asn Ser Ser Asp Leu Asn Met Met
10 15

Ile

thermocellum
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94

<400> SEQUENCE: 83

Asp Leu Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Arg Met
20

<210> SEQ ID NO 84

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 84

Asp Leu Asn Gly Asp Ala Lys
1 5

Lys Arg Tyr Leu Leu Gln Met
20

<210> SEQ ID NO 85

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 85

Asp Leu Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Ile Leu His Leu
20

<210> SEQ ID NO 8¢

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 86

Asp Val Asn Gly Asp Gly His
1 5

Lys Arg Tyr Leu Leu Arg Val
20

<210> SEQ ID NO 87

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 87

Asp Val Asn Arg Asp Gly Arg
1 5

Lys Arg Tyr Leu Ile Arg Ala
20

<210> SEQ ID NO 88

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 88

Asp Tyr Asn Gly Asp Gly Ala
1 5

Lys Arg Tyr Leu Leu Tyr Ala
20

Ile Asn Ser Ser Asp Tyr Ser Ile Leu
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Leu Asn Met Met
10 15

Ile

thermocellum

Ile Thr Ser Ser Asp Tyr Asn Leu Leu
10 15

Ile

thermocellum

Val Asn Ser Ser Asp Tyr Ser Leu Phe
10 15

Ile

thermocellum

Ile Asp Ser Thr Asp Leu Thr Met Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Leu Leu Ala Cys
10 15

Leu
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96

<210> SEQ ID NO 89

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 89

Asp Leu Asp Gly Asn Gly Lys
1 5

Lys Arg Tyr Leu Leu Lys Gln
20

<210> SEQ ID NO 90

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 90

Asp Leu Asn Ala Asp Gly Lys
1 5

Lys Arg Leu Ile Leu Arg Thr
20

<210> SEQ ID NO 91

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 91

Asp Leu Asn Gly Asp Ser Lys
1 5

Lys Arg Tyr Leu Leu Gly Val
20

<210> SEQ ID NO 92

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 92

Asp Val Asn Gly Asp Ser Lys
1 5

Lys Lys Tyr Ile Leu Lys Val
20

<210> SEQ ID NO 93

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 93

Asp Val Asn Ala Asp Gly Gln
1 5

Lys Lys Tyr Met Leu Lys Ala

20

<210> SEQ ID NO 94

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 94

Asp Val Asn Gly Asp Gly Asn

thermocellum

Ile Asn Ser Thr Asp Tyr Ala Tyr Leu
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Tyr Asn Leu Gly
10 15

Ile

thermocellum

Val Asp Ser Thr Asp Leu Thr Ala Leu
10 15

Ile

thermocellum

Ile Asn Ala Ile Asp Val Leu Leu Met
10 15

Ile

thermocellum

Ile Asn Ser Ile Asp Phe Thr Trp Leu
10 15

Val

thermocellum

Val Asn Ser Thr Asp Leu Thr Met Leu
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98

Lys Arg Tyr Leu Leu Lys Ser
20

<210> SEQ ID NO 95

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 95

Asp Val Asn Arg Asp Gly Ala
1 5

Lys Arg Tyr Leu Ile Lys Ser
20

<210> SEQ ID NO 96

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 96

Asp Leu Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Met Leu Arg Ala
20

<210> SEQ ID NO 97

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 97

Asp Leu Asn Arg Asp Gly Asn
1 5

Lys Arg Tyr Ile Leu Lys Ala
20

<210> SEQ ID NO 98

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 98

Asp Leu Asn Val Asp Gly Ser
1 5

Lys Arg Tyr Leu Leu Arg Ser
20

<210> SEQ ID NO 99

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 99

Asp Thr Asn Gly Asp Gly Ala
1 5

Lys Arg Tyr Val Leu Arg Ser
20

<210> SEQ ID NO 100
<211> LENGTH: 24
<212> TYPE: PRT

10 15

Val

thermocellum

Ile Asn Ser Ser Asp Met Thr Ile Leu
10 15

Ile

thermocellum

Val Asn Ser Ser Asp Leu Ala Ile Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Tyr Ser Ile Leu
10 15

Ile

thermocellum

Ile Asn Ser Val Asp Ile Thr Tyr Met
10 15

Ile

thermocellum

Ile Asn Ser Ser Asp Met Val Leu Leu
10 15

Ile
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-continued

<213> ORGANISM: Clostridium

<400> SEQUENCE: 100
Asp Val Asn Gly Asp Gly Asn
1 5

Arg Arg Phe Leu Leu Lys Leu
20

<210> SEQ ID NO 101

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 101

Asp Met Asn Asp Asp Gly Asn
1 5

Lys Arg Lys Val Leu Lys Ile
20

<210>
<211>
<212>
<213>

SEQ ID NO 102

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 102

Asp Cys Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Ile Leu Arg Ser
20

<210>
<211>
<212>
<213>

SEQ ID NO 103

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 103

Asp Val Asn Ala Asp Gly Arg
1 5

Lys Arg Tyr Ile Leu Lys Glu
20

<210> SEQ ID NO 104

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 104
Asp Cys Asn Asp Asp Gly Lys
1 5

Lys Arg Tyr Leu Lys Lys Glu
20

<210> SEQ ID NO 105

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 105

Asp Val Asn Ala Asp Gly Lys
1 5

Lys Arg Tyr Val Met Lys Asn
20

thermocellum

Val Asn Ser Thr Asp Val Val Trp Leu
10 15

Val

thermocellum

Ile Asn Ser Thr Asp Met Ile Ala Leu
10 15

Pro

thermocellum

Val Asn Ser Thr Asp Ala Val Ala Leu
10 15

Gly

thermocellum

Val Asn Ser Thr Asp Leu Ala Ile Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Val Ala Val Met
10 15

Asn

thermocellum

Val Asn Ser Thr Asp Phe Ser Ile Leu
10 15

Ile
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-continued

<210> SEQ ID NO 106

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 106

Asp Leu Asn Gly Asp Gly Arg
1 5

Lys Arg Tyr Val Val Lys Gln
20

<210> SEQ ID NO 107

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 107
Asp Leu Asn Gly Asp Asp Lys
1 5

Lys Arg Tyr Leu Leu Arg Ser
20

<210> SEQ ID NO 108

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 108

Asp Val Asn Ala Asp Gly Val
1 5

Lys Arg Tyr Ile Leu Arg Ile
20

<210> SEQ ID NO 109

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 109

Asp Val Asn Gly Asp Asn Val
1 5

Lys Arg Tyr Leu Leu His Met
20

<210>
<211>
<212>
<213>

SEQ ID NO 110

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 110

Asp Leu Asn Gly Asp Asn Asn
1 5

Lys Arg Tyr Leu Leu His Thr
20

<210>
<211>
<212>
<213>

SEQ ID NO 111

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400>

SEQUENCE: 111

thermocellum

Val Asn Ser Ser Asp Leu Ala Leu Met
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Tyr Ser Val Leu
10 15

Ile

thermocellum

Val Asn Ile Ser Asp Tyr Val Leu Met
10 15

Ile

thermocellum

Ile Asn Asp Ile Asp Cys Asn Tyr Leu
10 15

Ile

thermocellum

Ile Asn Ser Ser Asp Tyr Thr Leu Leu
10 15

Ile

thermocellum
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-continued

Asp Val Asn Gly Asp Gly Arg
1 5

Lys Arg Tyr Leu Leu Gly Leu
20

<210>
<211>
<212>
<213>

SEQ ID NO 112

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 112

Asp Val Asn Val Ser Gly Thr
1 5

Lys Arg Tyr Val Leu Arg Ser
20

<210>
<211>
<212>
<213>

SEQ ID NO 113

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 113

Asp Val Asn Phe Asp Gly Arg
1 5

Lys Arg Tyr Val Ile Lys Ser
20

<210>
<211>
<212>
<213>

SEQ ID NO 114

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 114

Asp Val Asp Gly Asn Gly Arg
1 5

Asn Arg Tyr Ile Leu Lys Leu
20

<210>
<211>
<212>
<213>

SEQ ID NO 115

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 115

Asp Ile Asn Leu Asp Gly Lys
1 5

Lys Arg Tyr Ile Val Lys Ser
20

<210>
<211>
<212>
<213>

SEQ ID NO 116

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 116

Asp Val Asn Gly Asp Gly Arg
1 5

Lys Arg Tyr Val Leu Lys Ile
20

<210> SEQ ID NO 117
<211> LENGTH: 24

Val Asn Ser Ser Asp Val Ala Leu Leu
10 15

Val

thermocellum

Val Asn Ser Thr Asp Leu Ala Ile Met
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Tyr Ser Arg Leu
10 15

Leu

thermocellum

Ile Asn Ser Thr Asp Leu Tyr Val Leu
10 15

Ile

thermocellum

Ile Asn Ser Ser Asp Val Thr Leu Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Tyr Ser Tyr Leu
10 15

Ile
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-continued

<212> TYPE: PRT
<213> ORGANISM: Clostridium
<400> SEQUENCE: 117

Asp Leu Asn Gly Asp Asn Asn
1 5

Lys Arg Tyr Leu Thr Arg Val
20

<210> SEQ ID NO 118

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 118

Asp Val Asn Gly Asp Gly Lys
1 5

Ile Arg Tyr Ile Leu Arg Ile
20

<210> SEQ ID NO 119

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 119

Asp Val Asn Gly Asp Leu Lys
1 5

Arg Arg Tyr Leu Leu Lys Thr
20

<210> SEQ ID NO 120

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 120
Asp Leu Asn Gly Asp Gly Arg
1 5

Lys Arg Tyr Leu Leu Met Glu
20

<210> SEQ ID NO 121

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 121

Asp Leu Asn Asn Asp Ser Lys
1 5

Lys Arg Tyr Ile Leu Gly Ile
20

<210>
<211>
<212>
<213>

SEQ ID NO 122

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 122

Asp Ile Tyr Phe Asp Gly Val
1 5

Lys Arg Tyr Leu Leu Lys Ala

thermocellum

Val Asn Ser Thr Asp Leu Thr Leu Leu
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Tyr Ser Ala Met
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Phe Ser Met Leu
10 15

Ile

thermocellum

Ile Asn Ser Ser Asp Leu Thr Met Leu
10 15

Val

thermocellum

Val Asn Ala Val Asp Ile Met Met Leu
10 15

Ile

thermocellum

Val Asn Ser Ser Asp Tyr Asn Ile Met
10 15

Ile
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-continued

20

<210> SEQ ID NO 123

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 123

Asp Leu Asn Gly Asp Gly Val
1 5

Lys Arg His Ile Ile Lys Phe
20

<210>
<211>
<212>
<213>

SEQ ID NO 124

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 124
Asp Leu Asn Gly Asp Gly Asn
1 5

Lys Arg Tyr Leu Leu Arg Ile
20

<210>
<211>
<212>
<213>

SEQ ID NO 125

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 125
Asp Leu Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Lys Gln
20

<210> SEQ ID NO 126

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 126

Asp Ile Asn Lys Asp Gly Lys
1 5

Lys Arg Val Ile Leu Arg Asn
20

<210> SEQ ID NO 127

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 127
Asp Ser Asn Ser Asp Cys Lys
1 5

Lys Arg Tyr Leu Leu Gln Gln
20

<210>
<211>
<212>
<213>

SEQ ID NO 128

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400>

SEQUENCE: 128

thermocellum

Val Asn Ser Thr Asp Ser Val Ile Leu
10 15

Ser

thermocellum

Ile Asn Ser Ser Asp Val Ser Leu Met
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Ile Ser Leu Met
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Met Ser Ile Leu
10 15

Tyr

thermocellum

Val Asn Ser Thr Asp Leu Thr Leu Met
10 15

Ser

thermocellum
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-continued

Asp Leu Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Gly Tyr
20

<210> SEQ ID NO 129

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 129

Asp Ile Asn Asn Asp Lys Thr
1 5

Lys Arg Phe Leu Leu Lys Gln
20

<210> SEQ ID NO 130

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 130

Asp Val Asn Leu Asp Gly Asn
1 5

Lys Arg Tyr Val Leu Arg Gly
20

<210> SEQ ID NO 131

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 131

Asp Val Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Ile Leu Arg Gly
20

<210> SEQ ID NO 132

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 132

Asp Val Asn Ala Asp Leu Lys
1 5

Lys Lys Tyr Leu Leu Arg Ser
20

<210> SEQ ID NO 133

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 133

Asp Val Asn Leu Asp Gly Gln
1 5

Lys Arg Tyr Ile Leu Lys Val
20

<210> SEQ ID NO 134

Ile Asn Ser Ser Asp Tyr Thr Leu Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Val Thr Tyr Leu
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Leu Val Ile Leu
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Cys Thr Met Leu
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Leu Val Leu Met
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Phe Ser Leu Leu
10 15

Val
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-continued

<211> LENGTH: 23
<212> TYPE: PRT
<213> ORGANISM: Clostridium
<400> SEQUENCE: 134

Asp Met Asn Asn Asp Gly Asn
1 5

Lys Arg Ile Leu Leu Arg Asn
20

<210> SEQ ID NO 135

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 135

Asp Ile Asn Arg Asp Gly Lys
1 5

Asn Arg His Ile Leu Lys Leu
20

<210>
<211>
<212>
<213>

SEQ ID NO 136

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 136
Asp Ile Asp Gly Asn Gly Asn
1 5

Lys Lys Tyr Ile Leu Lys Val
20

<210> SEQ ID NO 137

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 137
Asp Val Asn Asp Asp Gly Lys
1 5

Lys Arg Tyr Val Leu Lys Ala
20

<210> SEQ ID NO 138
<211> LENGTH: 24
<212> TYPE: PRT
<213> ORGANISM: Clostridium

<400> SEQUENCE: 138

Asp Val Asn Arg Asp Gly Arg

1 5

Ser Arg Tyr Leu Ile Arg Val
20

<210> SEQ ID NO 139

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 139

Asp Val Asn Gly Asp Gly Thr
1 5

thermocellum

Ile Asn Ser Thr Asp Ile Ser Ile Leu
10 15

thermocellum

Ile Asn Ser Thr Asp Leu Gly Met Leu
10 15

Val

thermocellum

Ile Asn Ser Thr Asp Tyr Ser Trp Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Leu Thr Leu Leu
10 15

Val

thermocellum

Val Asn Ser Ser Asp Val Thr Ile Leu
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Leu Thr Met Leu
10 15
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-continued

Lys Arg Ser Val Leu Arg Ala
20

<210> SEQ ID NO 140

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 140

Asp Val Asp Lys Asn Gly Ser
1 5

Ser Arg Tyr Leu Leu Arg Val
20

<210> SEQ ID NO 141

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 141

Asp Leu Asn Arg Asn Gly Ile
1 5

Lys Asn Tyr Leu Leu Arg Gly
20

<210> SEQ ID NO 142

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 142
Asp Val Asn Lys Asp Gly Lys
1 5

Lys Lys Tyr Ile Leu Gly Leu
20

<210> SEQ ID NO 143

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 143

Asp Thr Asn Ser Asp Gly Lys
1 5

Lys Arg His Leu Leu Arg Val
20

<210>
<211>
<212>
<213>

SEQ ID NO 144

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 144

Asp Val Asn Gly Asp Gly Asn
1 5

Lys Arg Tyr Ile Leu Gly Glu
20

<210> SEQ ID NO 145

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

Ile

thermocellum

Ile Asn Ser Thr Asp Val Leu Leu Leu
10 15

Ile

thermocellum

Val Asn Asp Glu Asp Tyr Ile Leu Leu
10 15

Asn

thermocellum

Val Asn Ser Thr Asp Cys Leu Phe Leu
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Val Thr Ala Leu
10 15

Thr

thermocellum

Val Asn Ser Thr Asp Leu Leu Leu Leu
10 15

Ile

thermocellum
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-continued

<400> SEQUENCE: 145
Asp Leu Asn Gly Asp Asn Arg
1 5

Lys Arg Tyr Ile Leu Lys Ser
20

<210> SEQ ID NO 146

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 146
Asp Ile Asn Gly Asp Gly Lys
1 5

Lys Lys Tyr Leu Leu Gln Ala
20

<210>
<211>
<212>
<213>

SEQ ID NO 147

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 147

Asp Leu Asn Gly Asp Gly Arg
1 5

Lys Arg Tyr Leu Leu Gly Ala
20

<210>
<211>
<212>
<213>

SEQ ID NO 148

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 148

Asp Leu Asn Leu Asp Gly Arg
1 5

Lys Arg Tyr Leu Leu Asn Ala
20

<210> SEQ ID NO 149

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 149
Asp Leu Asn Phe Asp Asn Ala
1 5

Lys Arg Tyr Ile Leu Lys Ser
20

<210>
<211>
<212>
<213>

SEQ ID NO 150

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 150

Asp Leu Asn Arg Asp Asn Lys
1 5

Lys Arg Tyr Leu Leu Lys Ala
20

Ile Asn Ser Thr Asp Leu Thr Leu Met
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Tyr Thr Tyr Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Tyr Thr Leu Leu
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Tyr Thr Val Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Leu Leu Met Leu
10 15

Leu

thermocellum

Val Asp Ser Thr Asp Leu Thr Ile Leu
10 15

Ile
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118

<210> SEQ ID NO 151

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 151

Glu Val Ile Asp Thr Lys Val
1 5

Tyr Glu Tyr Gln Phe Asp Lys
20

<210> SEQ ID NO 152

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 152

Thr Leu Val Leu Ser Val Asn
1 5

Ser Gly Tyr Ile Ser Val Asp
20

<210> SEQ ID NO 153

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 153

Asp Val Asn Gly Asp Gly Arg
1 5

Lys Arg Tyr Leu Leu Lys Ser
20

<210> SEQ ID NO 154

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 154

Asp Leu Asn Glu Asp Gly Lys
1 5

Lys Lys Leu Val Leu Arg Glu
20

<210> SEQ ID NO 155

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 155

Asp Leu Asn Ala Asp Gly Ser
1 5

Lys Arg Val Leu Leu Lys Gln
20

<210> SEQ ID NO 156

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 156

Asp Leu Asn Gly Asp Gly Lys
1 5

thermocellum

Ile Asp Ser Thr Asp Asp Ile Val Lys
10 15

Lys

thermocellum

Asn Asp Ser Thr Asp Lys Thr Thr Val
10 15

Phe

thermocellum

Val Asn Ser Ser Asp Leu Thr Leu Met
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Leu Leu Ala Leu
10 15

Leu

thermocellum

Ile Asn Ser Thr Asp Leu Met Ile Met
10 15

Arg

thermocellum

Val Thr Ser Thr Asp Tyr Ser Leu Met
10 15
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-continued

Lys Arg Tyr Leu Leu Lys Glu
20

<210> SEQ ID NO 157

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 157

Asp Leu Asn Gly Asp Gly Asn
1 5

Lys Arg His Leu Leu Gly Ile
20

<210>
<211>
<212>
<213>

SEQ ID NO 158

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 158

Asp Val Asn Arg Ser Gly Lys
1 5

Lys Arg Tyr Ile Leu Arg Ile
20

<210>
<211>
<212>
<213>

SEQ ID NO 159

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 159

Asp Ile Val Leu Asp Gly Asn
1 5

Lys Lys Tyr Leu Ile Arg Glu
20

<210> SEQ ID NO 160

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 160

Asp Val Asn Ser Asp Gly Glu
1 5

Lys Arg Tyr Ile Leu Arg Ile
20

<210> SEQ ID NO 161

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 161

Asp Val Asn Asp Asp Gly Lys
1 5

Lys Arg Tyr Val Leu Arg Ser
20

<210> SEQ ID NO 162

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

Ile

thermocellum

Ile Asn Ser Ser Asp Leu Gln Ala Leu
10 15

Ser

thermocellum

Val Asp Ser Thr Asp Tyr Ser Val Leu
10 15

Ile

thermocellum

Ile Asn Ser Leu Asp Met Met Lys Leu
10 15

Thr

thermocellum

Val Asn Ser Thr Asp Tyr Ala Tyr Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Ala Val Ala Leu
10 15

Gly

thermocellum
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-continued

<400> SEQUENCE: 162
Asp Leu Asn Glu Asp Gly Arg
1 5

Lys Arg Tyr Ile Leu Lys Glu
20

<210> SEQ ID NO 163

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 163

Asp Val Asp Gly Asn Gly Thr
1 5

Lys Arg Tyr Leu Leu Arg Gln
20

<210> SEQ ID NO 164

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 164

Asp Val Asp Gly Asn Gly Asn
1 5

Lys Lys Tyr Ile Leu Lys Leu
20

<210> SEQ ID NO 165

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 165

Asp Val Asn Ala Asp Gly Val
1 5

Lys Arg Phe Leu Leu Arg Thr
20

<210> SEQ ID NO 166

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 166

Asp Thr Asn Gly Asp Gly Ala
1 5

Lys Arg Tyr Ile Leu Arg Ser
20

<210> SEQ ID NO 167

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 167

Asp Val Asn Gly Asp Phe Ala
1 5

Lys Arg Tyr Val Leu Lys Asn
20

Val Asn Ser Thr Asp Leu Gly Ile Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Val Asn Tyr Met
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Leu Ser Tyr Leu
10 15

Ile

thermocellum

Ile Asn Ser Ser Asp Ile Met Val Leu
10 15

Ile

thermocellum

Val Asn Ser Ser Asp Phe Thr Leu Leu
10 15

Ile

thermocellum

Val Asn Ser Asn Asp Leu Thr Leu Ile
10 15

Ile
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-continued

<210> SEQ ID NO 168

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 168

Asp Val Asp Gly Asp Glu Lys
1 5

Lys Arg Tyr Val Leu Arg Ala
20

<210> SEQ ID NO 169

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 169

Asp Leu Asn Gly Asp Gly Asn
1 5

Lys Arg Tyr Leu Met Lys Ser
20

<210>
<211>
<212>
<213>

SEQ ID NO 170

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 170

Asp Val Asn Leu Asp Gly Arg
1 5

Asn Arg Tyr Leu Leu Lys Ile
20

<210> SEQ ID NO 171

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 171

Asp Ile Asn Asp Asp Gly Asn
1 5

Lys Arg His Leu Leu Arg Ser
20

<210> SEQ ID NO 172

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 172

Asp Thr Asn Arg Asp Gly Arg
1 5

Lys Arg Tyr Ile Leu Arg Val
20

<210> SEQ ID NO 173

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 173

Asp Leu Asn Gly Asp Gly Asn

thermocellum

Ile Thr Ser Ser Asp Ala Ala Leu Val
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Ser Ile Leu Met
10 15

Val

thermocellum

Val Asn Ser Thr Asp Arg Ser Ile Leu
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Leu Gln Met Leu
10 15

Ile

thermocellum

Val Asp Ser Thr Asp Leu Ala Leu Leu
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Leu Gln Ile Leu
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-continued

1 5

Lys Lys His Leu Leu Arg Ile
20

<210> SEQ ID NO 174

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 174
Asp Val Thr Lys Asp Gly Lys
1 5

Lys Arg Tyr Ile Leu Arg Phe
20

<210> SEQ ID NO 175

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 175
Asp Leu Asn Asp Asp Gly Lys
1 5

Lys Lys His Leu Leu Arg Ile
20

<210> SEQ ID NO 176

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 176

Asp Leu Asn Lys Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Gln Ile
20

<210> SEQ ID NO 177

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 177

Asp Leu Asn Asn Asp Gly Lys
1 5

Lys Met His Val Leu Arg Gln
20

<210> SEQ ID NO 178

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 178

Asp Val Asn Arg Asp Gly Lys
1 5

Lys Arg Tyr Ile Leu Arg Val
20

<210> SEQ ID NO 179
<211> LENGTH: 24
<212> TYPE: PRT

10 15

Thr

thermocellum

Val Asp Ser Thr Asp Leu Thr Leu Leu
10 15

Val

thermocellum

Val Asn Ser Thr Asp Phe Gln Ile Leu
10 15

Thr

thermocellum

Val Asp Ser Ser Asp Leu Ser Leu Met
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Phe Gln Leu Leu
10 15

Glu

thermocellum

Val Asp Ser Ser Asp Cys Thr Leu Leu
10 15

Ile
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-continued

<213> ORGANISM: Clostridium

<400> SEQUENCE: 179
Asp Leu Asn Gly Asp Gly Lys
1 5

Lys Met His Val Leu Arg Gln
20

<210> SEQ ID NO 180

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 180

Asp Val Asn Arg Asp Gly Lys
1 5

Lys Arg Tyr Ile Leu Arg Gln
20

<210>
<211>
<212>
<213>

SEQ ID NO 181

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 181

Asp Val Asn Leu Asp Gly Ser
1 5

Tyr Asn Thr Thr Tyr Tyr Ala
20

<210>
<211>
<212>
<213>

SEQ ID NO 182

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 182
Asp Val Asn Gly Asp Gly Thr
1 5

Thr Ala Tyr Ile Asn Gly Gln
20

<210> SEQ ID NO 183

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 183
Asp Leu Asn Gly Asp Gly Arg
1 5

Lys Lys Arg Ile Ile Arg Glu
20

<210> SEQ ID NO 184

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 184

Asp Leu Asn Leu Asp Gly Lys
1 5

Lys Arg Tyr Val Leu Lys Ser
20

thermocellum

Val Asn Ser Thr Asp Leu Gln Leu Met
10 15

Arg

thermocellum

Val Asp Ser Thr Asp Val Ala Leu Leu
10 15

Ile

thermocellum

Val Asp Ser Ile Asp Leu Ala Leu Leu
10 15

Val

thermocellum

Val Asp Gly Ile Asp Leu Ala Ile Ile
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Leu Leu Leu Met
10 15

Ile

thermocellum

Ile Asn Ser Ser Asp Tyr Thr Ile Leu
10 15

Ile
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-continued

<210> SEQ ID NO 185

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 185

Asp Val Asn Lys Asp Gly Arg
1 5

Lys Gly Tyr Leu Leu Arg Asn
20

<210> SEQ ID NO 186

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 186

Asp Val Asp Gly Asn Gly Ser
1 5

Lys Arg Tyr Ile Leu Arg Arg
20

<210> SEQ ID NO 187

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 187

Asp Leu Asn Gln Asp Gly Gln
1 5

Lys Arg Tyr Leu Leu Lys Ash
20

<210> SEQ ID NO 188

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 188

Asp Leu Asn Ser Asp Gly Lys
1 5

Lys Arg Phe Leu Leu Lys Glu
20

<210>
<211>
<212>
<213>

SEQ ID NO 189

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 189

Asp Leu Asn Tyr Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Gly Thr
20

<210>
<211>
<212>
<213>

SEQ ID NO 190

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400>

SEQUENCE: 190

thermocellum

Ile Asn Ser Thr Asp Ile Met Tyr Leu
10 15

Ser

thermocellum

Val Ser Ser Leu Asp Leu Thr Tyr Leu
10 15

Ile

thermocellum

Val Ser Ser Thr Asp Leu Val Ala Met
10 15

Phe

thermocellum

Val Asn Ser Thr Asp Leu Val Ala Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Tyr Leu Val Leu
10 15

Ile

thermocellum
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-continued

Asp Leu Asn Arg Asp Gly Arg
1 5

Lys Arg Tyr Leu Leu Gly Ile
20

<210> SEQ ID NO 191

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 191
Asp Val Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Lys Ash
20

<210>
<211>
<212>
<213>

SEQ ID NO 192

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 192
Asp Val Asn Gly Asp Gly Lys
1 5

Lys Arg Phe Val Leu Arg Asn
20

<210>
<211>
<212>
<213>

SEQ ID NO 193

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 193

Asp Leu Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Ile Leu Lys Asn
20

<210> SEQ ID NO 194

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 194

Asp Leu Asn Gly Asp Gly Arg
1 5

His Arg Tyr Leu Leu Arg Ile
20

<210>
<211>
<212>
<213>

SEQ ID NO 195

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 195

Asp Leu Asn Gly Asp Gln Lys
1 5

Lys Arg Tyr Leu Met Lys Ser

20

<210> SEQ ID NO 196
<211> LENGTH: 24

Val Asn Ser Thr Asp Met Ser Leu Met
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Cys Ser Ile Val
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Tyr Ser Leu Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Leu Thr Ile Met
10 15

Phe

thermocellum

Ile Asn Ser Thr Asp Leu Ser Ile Leu
10 15

Ile

thermocellum

Val Thr Ser Thr Asp Tyr Thr Met Leu
10 15

Ile
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-continued

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 196
Asp Leu Asn Arg Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Tyr Ser
20

<210> SEQ ID NO 197

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 197

Asp Ile Asn Ser Asp Gly Asn
1 5

Lys Arg Ile Ile Val Lys Asn
20

<210> SEQ ID NO 198

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 198

Asp Val Asn Ala Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Arg Ser
20

<210> SEQ ID NO 199

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 199

Asp Ile Asn Ser Asp Gly Ser
1 5

Lys Arg His Leu Leu Arg Glu
20

<210> SEQ ID NO 200

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 200
Asp Thr Asp Gly Asp Gly Lys
1 5

Lys Arg Tyr Val Leu Arg Leu
20

<210>
<211>
<212>
<213>

SEQ ID NO 201

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 201

Asp Leu Asn Gly Asp Gly Leu
1 5

Lys Arg Tyr Ile Leu Lys Gln

thermocellum

Ile Asn Ser Thr Asp Leu Thr Ile Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Leu Gly Ile Leu
10 15

Pro

thermocellum

Val Asn Ser Thr Asp Tyr Thr Val Leu
10 15

Ile

thermocellum

Ile Asn Ser Thr Asp Val Thr Leu Leu
10 15

Asn

thermocellum

Ile Thr Ser Ile Asp Leu Ser Tyr Leu
10 15

Ile

thermocellum

Val Asn Ser Ser Asp Tyr Ser Leu Leu
10 15

Ile
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20

<210> SEQ ID NO 202

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 202

Asp Leu Asn Arg Asn Gly Ser
1 5

Lys Arg Phe Leu Leu Lys Thr
20

<210>
<211>
<212>
<213>

SEQ ID NO 203

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 203

Asp Leu Asn Asn Asp Gly Arg
1 5

Lys Arg Tyr Leu Leu Gly Ser
20

<210>
<211>
<212>
<213>

SEQ ID NO 204

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 204

Asp Val Asn Leu Asp Gly Lys
1 5

Arg Arg Phe Leu Leu Gly Ser
20

<210> SEQ ID NO 205

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium
<400> SEQUENCE: 205

Asp Leu Asn Gly Asp Lys Gln
1 5

Lys Arg His Leu Leu Asn Ile
20

<210> SEQ ID NO 206

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Clostridium

<400> SEQUENCE: 206
Asp Leu Asn Gly Asp Gly Lys
1 5

His Arg Tyr Leu Leu Gly Ile
20

<210>
<211>
<212>
<213>

SEQ ID NO 207

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400>

SEQUENCE: 207

thermocellum

Val Asp Ser Val Asp Tyr Ser Ile Leu
10 15

Ile

thermocellum

Thr Asn Ser Thr Asp Tyr Ser Leu Met
10 15

Ile

thermocellum

Val Asn Ser Ser Asp Tyr Thr Val Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Tyr Thr Ala Leu
10 15

Thr

thermocellum

Val Asp Ser Thr Asp Leu Met Ile Leu
10 15

Ile

thermocellum
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Asp Leu Asn Gly Asp Gly Asn
1 5

Ser Arg Tyr Leu Leu Gly Ile
20

<210>
<211>
<212>
<213>

SEQ ID NO 208

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 208
Asp Leu Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Leu Leu Lys Tyr
20

<210>
<211>
<212>
<213>

SEQ ID NO 209

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 209

Asp Leu Asn Gly Asp Gly Arg
1 5

Lys Arg Tyr Leu Leu Lys Gln
20

<210>
<211>
<212>
<213>

SEQ ID NO 210

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 210

Asp Leu Asn Gly Asp Gly Lys
1 5

Lys Arg Tyr Ile Leu Lys Thr
20

<210>
<211>
<212>
<213>

SEQ ID NO 211

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 211
Asp Ile Asp Gly Asn Gly Glu
1 5

Lys Ser His Leu Ile Asn Ser
20

<210>
<211>
<212>
<213>

SEQ ID NO 212

LENGTH: 24

TYPE: PRT

ORGANISM: Clostridium
<400> SEQUENCE: 212

Asp Val Asp Gly Asn Gly Tyr
1 5

Gln Met Tyr Leu Leu Gly Lys
20

<210> SEQ ID NO 213

Val Asn Ser Thr Asp Ser Thr Leu Met
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Tyr Asn Ile Leu
10 15

Ile

thermocellum

Val Asn Ser Thr Asp Leu Ala Val Met
10 15

Val

thermocellum

Ala Asn Ser Thr Asp Tyr Gln Leu Leu
10 15

Ile

thermocellum

Ile Ser Ser Ile Asp Tyr Ala Ile Leu
10 15

Asn

thermocellum

Val Asn Ser Ile Asp Leu Ala Ile Leu
10 15

Gly
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140

<211> LENGTH: 24

<212> TYPE

<213> ORGANISM: Clostridium

PRT

<400> SEQUENCE: 213

Asp Val Asn Gly Asn Gly Ser

1

5

Lys Arg Tyr Leu Leu Lys Gln Ile

20

<210> SEQ ID NO 214
<211> LENGTH: 24

<212> TYPE:
<213> ORGANISM: Clostridium

PRT

<400> SEQUENCE: 214

Asp Val Asn Gly Asn Gly Thr

1

5

Lys Arg Phe Ile Leu Lys Val Ile

20

<210> SEQ ID NO 215
<211> LENGTH: 1008

<212> TYPE:
<213> ORGANISM: Clostridium

DNA

<400> SEQUENCE: 215

gcaaatacac

actactaact

ttgtccaaac

tggtgtgacc

gtaaaaggaa

ataagcttta

gcaaagaatg

cagtttgttyg

gaaccceggty

aaaccacctyg

gcaataaaga

gtaagattca

gacccgaatyg

cctgacaaga

gcagaagaca

gtagcgaaag

ggcggatttg

cggtatcagg

caatcaatcc

tcacattgag

atgctgcaat

catttgtaaa

caggcggaac

actggagtaa

aatgggatca

gcagtgtagt

caacaacaaa

ttaaggtgga

gtggtatacc

tacttgagat

getttgatac

dcggaacagyg

taaaatccgg

cgaacaatga

<210> SEQ ID NO 216
<211> LENGTH: 232

<212> TYPE:

DNA

caatttgaag
tcagttcaag
atattattat
aatcggcagt
aatgagttcc
tcttgaaccy
ctatacacag
ggtaacagca
accatcaaca
accacctgeca
cacagtaaat
atccaaggga
aatagagata
tgcagtatat
agcgtatgca
agcacctaac

ccttgtagaa

thermocellum

10

thermocellum

10

thermocellum

gttgaattet

gttactaata

acagtagacg

aacggcagcet

tcaacaaata

ggtgcacatyg

tcaaatgact

tacttgaacg

cagcctgtaa

acaacaatac

gcaaaaccgg

atagcaaact

aaaccgggag

cctgacagaa

ataactaaag

ggactcagtyg

cagaggacac

<213> ORGANISM: Clostridium thermocellum

<400> SEQUENCE: 216

acaacagcaa
ccggaageag
gacagaaaga
acaacggaat
acgcagacac
ttcagataca
actcattcaa
gtgttettgt
caacaccacc
cgcegtcaga
gagacacagt
gtgactttgt
aattgatagt
agataatagt
acggagtatt

taatcaaatt

agttcttt

Ile Glu Ser Thr Asp Cys Val Trp Val

15

Ile Asp Ser Thr Asp Tyr Gln Leu Leu

15

tccttecagat

tgcaattgat

tcagacctte

tacttcaaat

ctaccttgaa

aggtagattt

gtctgettca

atggggtaaa

tgcaacaaca

tgatccgaat

aaatatacct

atacagctat

tgacccgaat

attcctgttt

tgctacgata

tgtagaagta

ctcgageggt actcectteta ctaaattata cggegacgte aatgatgacg gaaaagttaa

ctcaactgac gctgtagecat tgaagagata tgttttgaga tcaggtataa gcatcaacac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1008

60

120
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142

tgacaatgce gatttgaatg aagacggcag agttaattca actgacttag gaattttgaa

gagatatatt ctcaaagaaa tagatacatt gccgtacaag aactaaggat cc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 217
LENGTH: 71

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Synthetic Construct - primer

SEQUENCE: 217

ctcgageggt actcectteta ctaaattata cggegacgte aatgatgacg gaaaagttge

ttcaactgac g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 218
LENGTH: 88

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Synthetic Construct - primer

SEQUENCE: 218

ggatccttag ttettgtacg gcaatgtatce tatttcetttg agaatatatc tcttcaaaat

tcctaagtca gttgaagecaa ctetgeeg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 219
LENGTH: 71

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Synthetic Construct - primer

SEQUENCE: 219

ctcgageggt actcectteta ctaaattata cggegacgte aatgatgacg gaaaagttga

ttcaactgac g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 220
LENGTH: 88

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Synthetic Construct - primer

SEQUENCE: 220

ggatccttag ttettgtacg gcaatgtatce tatttcetttg agaatatatc tcttcaaaat

tcctaagtca gttgaatcaa ctetgeeg

<210>

SEQ ID NO 221

<211> LENGTH: 223
<212> TYPE: DNA

<213> ORGANISM: Clostridium thermocellum

<400> SEQUENCE: 221
ctcgagegaa ccgecggtte
ttcatccgac ttgactctta

accggaagga aaaattgegg

gttagcgetyg aaaaaactceg

<210> SEQ ID NO 222

aggttatacc

tgaaaagata

cggatttaaa

ttctgagaga

cggtgatgta

ccttttaaaa

cgaagacgge

actttgagga

aacggtgacg gtcgtgtaaa

tccataageg acttcccgac

aaggtaaact cgacagattt

tce

180

232

60

71

60

88

60

71

60

88

60

120

180

223
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<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct - primer

<400> SEQUENCE: 222

ctegagegaa ccgecggtte aggttatace cggtgatgta aacggtgacyg gtcgtgtaga 60
ttcatccgac t 71
<210> SEQ ID NO 223

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct - primer

<400> SEQUENCE: 223

ggatcctcaa agttctctca gaacgagttt tttcageget aacaaatctg tcgaatctac 60
cttgceg 67
<210> SEQ ID NO 224

<211> LENGTH: 1166

<212> TYPE: DNA

<213> ORGANISM: Clostridium thermocellum

<400> SEQUENCE: 224

agatctgcag gtgtgecttt taacacaaaa taccectatg gtcctactte tattgecgat 60
aatcagtcgg aagtaactge aatgctcaaa gcagaatggg aagactggaa gagcaagaga 120
attacctcga acggtgcagg aggatacaag agagtacagce gtgatgcette caccaattat 180
gatacggtat ccgaaggtat gggatacgga cttcttttgg cggtttgett taacgaacag 240
getttgttty acgatttata ccgttacgta aaatctcatt tcaatggaaa cggacttatg 300
cactggcaca ttgatgccaa caacaatgtt acaagtcatg acggeggega cggtgeggca 360
accgatgetyg atgaggatat tgcacttgeg ctecatatttg cggacaagtt atggggttet 420
tceggtgcaa taaactacgg gcaggaagca aggacattga taaacaatct ttacaaccat 480
tgtgtagage atggatccta tgtattaaag ccecggtgaca gatggggagg ttcatcagta 540
acaaacccgt catattttge gectgeatgg tacaaagtgt atgctcaata tacaggagac 600
acaagatgga atcaagtggc ggacaagtgt taccaaattg ttgaagaagt taagaaatac 660
aacaacggaa ccggecttgt tectgactgg tgtactgcaa geggaactcee ggcaageggt 720
cagagttacg actacaaata tgatgctaca cgttacgget ggagaactge cgtggactat 780
tcatggtttyg gtgaccagag agcaaaggca aactgcgata tgctgaccaa attctttgece 840
agagacgggyg caaaaggaat cgttgacgga tacacaattc aaggttcaaa aattagcaac 900
aatcacaacyg catcatttat aggacctgtt gecggcagcaa gtatgacagg ttacgatttg 960

aactttgcaa aggaacttta tagggagact gttgctgtaa aggacagtga atattacgga 1020
tattacggaa acagcttgag actgctcact ttgttgtaca taacaggaaa cttcccgaat 1080
cctttgagtg acctttcegg ccaaccgaca ccaccgtega atccgacacce ttcattgect 1140

cctcaggttg tttacggtec ctecgag 1166

What is claimed is: at least one sequence selected from the group consisting of
1. An isolated protein comprising a dockerin domain that ¢s SEQ ID NOS: 3-5, 8,12, 13, 15-18, 20, 21, 23, 25, 27, 28,
includes an amino acid sequence associated with cohesin- 30-32, 35, 38, 42, 46, 47, 50, 51, 53, 54, 61-63, 74-84, 86,
dockerin binding wherein the amino acid sequence comprises 88-90, 94-97,99-108, 110-137, 139, 140, 142-149, 152-155,
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157, 158, 160-166, 169-171, 173, 175, 177, 179, 183-186,
188-194, 196-199, 201-205, 207-210, 213, and 214 where
said sequence is modified by substitution of an aspartic acid
for an asparagine in an intrinsic predicted N-type sugar chain
modification site, thereby eliminating in vivo sugar chain
modification of said sequence when produced in an eukary-
otic microorganism.

2. The isolated protein according to claim 1, wherein the
amino acid sequence comprises at least one sequence selected
from the group consisting of SEQ ID NOS: 74-84, 86, 88-90,
94-97, 99-108, 110-137, 139, 140, 142-149, 152-155, 157,
158, 160-166, 169-171, 173, 175, 177, 179, 183-185, 188-
194, 196-199, 201-205, 207-210, 213, and 214 where said
sequence is modified by substitution of an aspartic acid for an
asparagine in an intrinsic predicted N-type sugar chain modi-
fication site, thereby eliminating in vivo sugar chain modifi-
cation of said sequence when produced in an eukaryotic
microorganism.

3. The isolated protein according to claim 1, wherein the
amino acid sequence comprises at least one sequence selected
from the group consisting of SEQ ID NOS: 75-80, 82, 83, 88,
89, 94-97, 100-107, 111-137, 139, 140, 143-148, 153, 154,
161-166, 169,170, 183-186, 189-194,197,198,201-204, and

10

15

20
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207-210 where said sequence is modified by substitution of
an aspartic acid for an asparagine in an intrinsic predicted
N-type sugar chain modification site, thereby eliminating in
vivo sugar chain modification of said sequence when pro-
duced in an eukaryotic microorganism.

4. The isolated protein according to claim 1, wherein the
amino acid sequence comprises at least one sequence selected
from the group consisting of SEQ ID NOS: 3-5, 8, 12, 13,
15-18,20,21,23,25,27,28,30-32,35, 38,42, 46,47, 50, 51,
53, 54, and 61-63 where said sequence is modified by substi-
tution of an aspartic acid for an asparagine in an intrinsic
predicted N-type sugar chain modification site, thereby elimi-
nating in vivo sugar chain modification of said sequence
when produced in an eukaryotic microorganism.

5. The isolated protein according to claim 1, which has
cellulolysis-promoting activity.

6. The isolated protein according to claim 5, wherein the
cellulolysis-promoting activity is cellulase activity.

7. The isolated protein according to claim 5, wherein the
protein further comprises an amino acid sequence from
Clostridium thermocellum, which confers the cellulolysis-
promoting activity.



